Applications of Transit Signal Priority Technology for Transit Service by Consoli, Frank Anthony
University of Central Florida 
STARS 
Electronic Theses and Dissertations, 2004-2019 
2014 
Applications of Transit Signal Priority Technology for Transit 
Service 
Frank Anthony Consoli 
University of Central Florida 
 Part of the Civil Engineering Commons, and the Transportation Engineering Commons 
Find similar works at: https://stars.library.ucf.edu/etd 
University of Central Florida Libraries http://library.ucf.edu 
This Doctoral Dissertation (Open Access) is brought to you for free and open access by STARS. It has been accepted 
for inclusion in Electronic Theses and Dissertations, 2004-2019 by an authorized administrator of STARS. For more 
information, please contact STARS@ucf.edu. 
STARS Citation 
Consoli, Frank Anthony, "Applications of Transit Signal Priority Technology for Transit Service" (2014). 




APPLICATIONS OF TRANSIT SIGNAL PRIORITY TECHNOLOGY 






       
 FRANK ANTHONY CONSOLI, P.E., LEED AP 
 
B.S. Geology, University of Miami, 1979 
B.S. Civil Engineering, University of Miami, 1982 
Masters of Civil Engineering University of Florida, 1984 
    
 
A dissertation submitted in partial fulfillment of the requirements  
for the degree of Doctor of Philosophy  
in the Department of Civil, Environmental and Construction Engineering  
in the College of Engineering and Computer Science  































This research demonstrated the effectiveness of Transit Signal Priority (TSP) in 
improving bus corridor travel time in a simulated environment using real world data.  TSP is a 
technology that provides preferential treatment to buses at signalized intersections.  By 
considering different scenarios of activating bus signal priority when a bus is 3 or 5 minutes 
behind schedule, it was demonstrated that bus travel times improved significantly while there is 
little effect on delays for crossing street traffic.  The case of providing signal priority for buses 
unconditionally resulted in significant crossing street delays for some signalized intersections 
with only minor improvement to bus travel time over both scenarios of Conditional priority. 
Evaluation was conducted by using micro-simulation and statistical analysis to compare 
Unconditional and Conditional TSP with the No TSP scenario.  This evaluation looked at 
performance metrics (for buses and all vehicles) including average speed profiles, average travel 
times, average number of stops, and crossing street delay.  Different Conditional TSP scenarios 
of activating TSP when a bus is 3 or 5 minutes behind schedule were considered.  The simulation 
demonstrated that Conditional TSP significantly improved bus travel times with little effect on 
crossing street delays.   
The results also showed that utilizing TSP technology reduced the environmental 
emissions in the I-Drive corridor.  Furthermore, field data was used to calculate actual passenger 
travel time savings and benefit cost ratio (7.92) that resulted from implementing conditional 
TSP. Conditional TSP 3 minutes behind schedule was determined to be the most beneficial and 
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Alighting: A passenger that is exiting the bus vehicle. 
 
Automatic Vehicle Location (AVL): AVL systems calculate the real time location of any vehicle 
equipped with Global Positioning (GPS) receiver.  Data are then transmitted to the transit center 
either through radio or cellular communications and are then used immediately to correct 
scheduling and other operational deviations. [1] 
 
Automatic Passenger Counts (APC): APC systems are electronic machines that count the 
number of passengers that board and alight at every bus stop. [2] 
 
Boarding: A passenger entering the bus vehicle. 
 
Bus Rapid Transit (BRT): “Bus transit designed as an integrated system of distinct bus vehicles, 
separate right of way (category B or A), preferential treatments at intersections, ITS, and other 
elements for greater efficiency. Its better performance and stronger image result in greater 
passenger attraction than regular bus”. [3] 
 







Coefficient of Determination: this is also known as R
2
. It indicates how well the data points fit a 
line.  
Conditional Transit Signal Priority: Is the granting of transit signal priority for a transit vehicle 
that is behind schedule by a predetermined amount of time. In this research, 3 minutes and 5 
minutes were used. 
GEH Statistic: This is a formula used in traffic engineering, traffic forecasting and in traffic 
modeling that compares two sets of traffic volumes and was invented by Geoffrey E. Havers in 
the 1970’s while working in London, England. [4] 
 
Opticom GPS: The Opticom GPS system uses Global Positioning Satellite technology along 
with secure radio communication to gain preemption or priority at equipped intersection. [5] 
 
Least Square Regression Models: “This is an approach fitting a statistical model to data in cases 
where the idealized value or values provided by the model for any data point is expressed 
linearly in terms of the unknown values of the model. The resulting “fitted model” can be used to 
summarize this data, to predict any unobserved values from the same model, and to better 
understand the model”.  [6] 
 
PRG: Priority Request Generator is responsible for initiating request for priority based on a 
defined criteria, which may be unconditional (e.g., priority automatically requested for all transit 
vehicles on certain routes) or conditional (e.g., priority requested for transit vehicles that are 





PRS: Priority Request Server [7]: This is the in-cabinet equipment Opticom phase selector.  
 
Transit Signal Priority: An operational strategy that facilitates the movement of in-transit 
vehicles through traffic controlled intersections. It modifies the signals operation. [7] 
 
Split: This is a portion allocated to each of the various phases in a cycle (signal) and is usually 
expressed as percentages [7]. 
 
Transit Signal Preemption:" Differs from Transit Signal Priority, which modifies the normal 
signal operation process to better accommodate transit vehicles, while preemption disrupts the 
normal process for special events (e.g., a train approaching a grade crossing adjacent to a signal, 
emergency vehicles responding to an emergency call)”. [7] 
 
Type 170: This is a particular type of traffic signal controller. [7] 
 
Unconditional Transit Signal Priority: This is the granting of transit signal priority to a transit 











CHAPTER ONE: INTRODUCTION 
 
Traffic signal preemption is a type of system that modifies the normal operation of traffic 
signals that can accommodate transit vehicles.  One of the most common uses of these systems is 
to control traffic signals in the path of an emergency vehicle by stopping conflicting side street 
traffic and allowing the emergency vehicle the right-of-way through a signalized intersection by 
the signal controllers dropping the coordinated operations.  It allows a reduction in the critical 
emergency response times and enhances overall traffic safety. Signal preemption has also been 
used at railroad grade crossings to prevent vehicle–train collision, by light rail systems and by 
bus rapid transit (BRT) systems to allow for the public transportation priority access through 
intersections to ensure they remain on schedule and improve commuting times.  In this 
dissertation, TSP will be used for a bus transit system operated by LYNX, the Central Florida 
regional transit agency. 
Over the past few years, emergency vehicles (e.g., fire and ambulances) have been the 
predominant users of signal priority. However, a growing number of cities including Orlando, 
Florida have been looking to expand this to transit systems as a way to potentially increase 
efficiencies of their transit systems by the use of TSP.  Smith’s (2005) [7] research stated that, 
“TSP is a tool that can be used to help make transit more reliable, faster and more cost effective”.  
 The City of Orlando has installed the Opticom GPS system at several signalized 
intersections in an effort to reduce emergency vehicle response time by providing signal priority. 
They have installed GPS equipment at 181 traffic signals with 100 on the Florida State Highway 





with 57 Orlando Fire Department (OFD) vehicles and 4 city of Orlando traffic signal 
maintenance vehicles.   
This corridor covers the Orlando transit system operated by LYNX (the government 
agency responsible for area transit service).  Specifically, it will cover LYNX bus route 8 (Link 
8) on International Drive (I-Drive) including seven TSP signalized intersections at Universal 
Boulevard, South Kirkman Road, Grand National Drive, Municipal Drive, mid-block pedestrian 
signal (Sheraton), Del Verde Way, and Fun Spot Way (formerly Touchstone).  It should be noted 
that the seven TSP signals are interconnected.  The Ethernet connections inside the signal 
cabinets allow for the signals to communicate with each other.  In addition, there was a 
coordinated pattern on I-Drive with serial fiber allowing communication with each signal with 
the cycle level offset driving the coordinated phase. 
TSP technology has also been recommended as an Intelligent Transportation System 
(ITS) technology for Bus Rapid Transit (BRT) and other integrated on-board systems.  Further 
analysis in this dissertation will provide a better understanding of TSP effects under different 
traffic conditions, determine the overall impacts of the TSP system on the local traffic network 
including side street signal delay, improve bus travel time and delay while minimizing the 
impacts on traffic signal operations, and create a more sustainable transportation system by 
making the bus more attractive to public when it moves faster with less stops.. 
  A discussion of other transit signal priority systems will be provided in the 
literature review section of other systems throughout the United States (US) and other 





Technology in Orlando, Florida [5]. This TSP system is manufactured by Global Traffic 
Technologies (GTT) located in St. Paul, Minnesota (US).  There are several types of TSP 
systems; this project used OPTICOM
TM
 GPS Technology (GTT) as this was the type of system 
the City of Orlando had selected for emergency preemption.  This technology was chosen for this 
TSP research since the existing Intelligent Transportation System (ITS) infrastructure in the City 
of Orlando had a developed fiber optic network and signal controllers that could be adapted to 
this type of TSP technology.  Additionally, this type of GPS signals is advantageous in urban 
areas, such as in the I-Drive test corridor, since the signals can travel around corners or 
obstructions.  I-Drive has numerous buildings, landscaping and curved roadways near the 
signals, making this technology a smart choice.  
Testing TSP while it is operational in a real life setting is necessary before the TSP 
system can be expanded.  In the era of government budget constraints it is necessary to show that 
a system will work and can be effective.  As such, the intent of this research is to test if the TSP 
system on I-Drive will work or not before it can be expanded to other transit areas in Central 
Florida.  Expansion of the TSP system without proper testing and careful evaluation can be a 
costly endeavor.  The agencies responsible for future expansion have to ensure that expansion of 
the TSP system is cost effective and beneficial to their patrons in reducing travel time and 
improving schedule reliability. Minimizing cross street delay through simulations is an extremely 
important aspect of testing that is critical to prove the system is effective. 
To allow for simulation modeling, actual bus data was required for this research.  This 
data, including corridor travel time, delay, and passenger counts, were collected by riding the 





validate the micro-simulation program VISSIM.  VISSIM was utilized to run different TSP 
scenarios where various performance metrics of the corridor were produced as output.  This 
included average speed profiles for all vehicles and bus only, average travel times for all vehicles 
and bus only, and crossing street delay along the corridor (VISSIM). [8] 
The Orlando area is one of the top tourist destinations in the world with several major 
theme parks within the area including Universal Studios, Sea World, and Walt Disney World.  In 
the tourist areas bounded by Universal Boulevard, I-Drive and Kirkman Road are two major 
theme parks with Universal Studios and Sea World. The tourists and business travelers stay at 
the numerous hotels, and frequently visit the restaurants and shopping centers in these areas. 
These tourists also include business travelers that stay in this area during the many conventions 
at the Orange County Convention Center located on I-Drive (south of the study corridor) as well 
as the larger hotels. As such, many do not have vehicles and use the transit system, I-Drive 
trolley or taxi service.  In addition to tourists and business travelers, workers in the service 
industry use these transit services to travel to and from work places along the I-Drive corridor.  
This tourist commercial roadway serves high vehicular and pedestrian volumes. 
Field data collected was used to evaluate if the four scenarios of No TSP, Unconditional 
TSP, or Conditional TSP (3 and 5 minutes time behind schedule) decreases bus travel times 
which contributes to improving adherence to schedule making bus service more reliable from a 
customer stand point.  This was determined by comparing the corridor travel time with these 
three scenarios. 
Consideration for the type of field data required was evaluated through literature review, 
what data could be collected and what other data was available. The data collected included 





in the corridor on Drive I-Drive in Orlando, Florida (US).  These data collection runs are very 
useful to fully understand any delays within the corridor and the effects of these delays on the 
TSP system. This collected data and available sources of data were used to model traffic using 
VISSIM.  
As some background, in October 2011, the City of Orlando had developed a 
demonstration project of TSP on I-Drive between Universal Boulevard and Fun Spot Way as part 
of the 18
th
 ITS World Congress held at the Orange County Convention Center in Orlando, 
Florida.  The demonstration of TSP was selected for the I-Drive corridor based on the existing 
signal system infrastructure maintained by the City of Orlando.  Minor upgrades were necessary 
to the traffic signal controller with TSP capability at seven (7) signalized intersections on I-
Drive.  Sixteen (16) Lynx buses on Link 8 were upgraded with GPS equipment to allow for 
communication of TSP requests to the traffic signal controllers.  For the initial testing, TSP was 
provided for any GPS transponder equipped bus serving Link 8 regardless of schedule or 
passenger count. 
It should be noted that the Link 8 bus service travels through the tourist corridor and 
serves as far south as the Orlando Premium Outlets on Vineland Road (south of SR 528, 
Beachline Expressway), the Orange County Convention Center, then as far north to downtown 
Orlando at the main bus terminal at Lynx Central Station (see Figure 1) [9].   






Figure 1: A portion of Link 8 Route that travels from the Orange County convention 
center to downtown Orlando at LYNX Central Station (source: Lynx 2014)  






1.1 A Brief Discussion of LYNX 
 
The agency responsible for bus service in the Central Florida area as noted in the 
previous section is LYNX. This government agency was founded in 1972 as the Orange, 
Seminole and Osceola Transportation Authority (OSOTA). It became the Tri-County Transit in 
1984 and began doing business as LYNX in 1992 and officially changed their name to the 
Central Florida Regional Transportation Authority in March 1994. LYNX is in charge of 
coordinating public transportation for Orange, Osceola, and Seminole Counties. They operate a 
fleet of 270 buses on 71 local bus routes, called Links with service every day of the year. In 
2012, LYNX set another ridership record delivering more than 29.1 million passenger trips. Last 
year in 2013 they were on pace to exceed that record passenger trips by 4 percent. [9] 
1.2 Objectives 
 
The objectives of this dissertation were to: 
 Provide a better understanding of how TSP causes changes in different traffic  
conditions for both bus and regular vehicles.  
 Determine if TSP improves travel time efficiency by reducing travel time and  
delay for the bus.  
 Model the overall impact of the TSP system on the local traffic network,  
including side streets at signalized intersections in the TSP corridor, to check for 
any possible negative effects before TSP’s regional implementation. 
 Compare Conditional TSP and Unconditional TSP with each other and with No  





 Show that TSP can be used to create a more sustainable transportation system by  
reducing bus delay, travel time, and emissions, therefore increasing the 
attractiveness of the bus compared to other modes of transportation (especially 
single occupant vehicles). 
1.3 Site Selection 
 
As noted before, the City of Orlando implemented a demonstration project for transit 
signal priority (TSP) on a 1.1 mile section of I-Drive between Universal Boulevard and Fun Spot 
Way (Touchstone Drive) near Universal Studios (see Figure 2). For this initial pilot test or 
demonstration project, TSP was provided for any GPS transponder equipped bus serving Link 8 
regardless of schedule adherence or passenger count. After this demonstration project was 
completed at the end of October 2011, the unconditional TSP system was still active but did not 
have any follow up TSP study.   
 
In the middle of 2012, the City of Orlando determined that Conditional priority was 
needed to better evaluate the TSP system. Kittleson and Associates were retained as the 
engineering consultant to develop a conditional priority protocol.  This work began in early 2013 
with system integration in May 2013 (GPS and AVL). Since this corridor was already 
established for TSP in 2011, it was determined to expand the corridor to run a larger experiment 
and demonstration of conditional priority.  The focus of the new expansion was to test 
Unconditional and Conditional TSP settings, and to compare with the No TSP condition. The 





Figure 2 shows LYNX Link 8 bus route through the corridor and the traffic signals 
equipped with TSP.  Even though there were seven (7) TSP equipped intersections, two rarely if 
at all had bus TSP calls.  These are Kirkman Road and the pedestrian signal at Sheraton. Fun 
Spot Way had some calls during Unconditional TSP but none during Conditional TSP.  This 
information will be shown later in the analysis of the signal preemption logs. 
 






Figure 3: I- Drive TSP corridor 
 
1.4 Land Use in the I-Drive Corridor of the Orlando Tourist Area 
 
 
As the nation’s economy has rebounded recently, it is anticipated that several new 
projects (namely hotels) will be under construction in the tourist area. This was evidenced by the 
recent construction of a new hotel at Universal Studios Cabana Bay (1,800 room hotel) and also 
the current construction of the Great Orlando Wheel on Universal Boulevard near the Orange 
County convention center. The I-Drive area is a very congested area and improvement to transit 
will benefit the area by possibly allowing more movement of people and goods. 
The Orlando I-Drive tourist area has a mix of hotels, restaurants and theme parks and will 





I- Drive (from SR 528 to Oak Ridge Road) 
 Shopping Centers including outlet malls 
 Restaurants 
 Convention Center 
 Hotels 
 Fun Spot Amusement Park 
 Sea World 
Kirkman Road (from Conroy to I-Drive) 
 
 Valencia College 
 Apartments 
 Universal Studios  
 Restaurants  
 Condominiums 
 Golf courses 
 
Universal Boulevard (from Vineland to I-Drive) 
 
 Hotels 
 Universal Studios  
 Restaurants 
 Citywalk Entertainment Complex at Universal Studios 






CHAPTER TWO: DETAILS OF LYNX BUS ROUTE 8 ALONG TSP 
CORRIDOR 
 
Figure 3 illustrates the I-Drive corridor and shows both the eastbound to northbound 
movement, or eastbound direction, and the westbound to southbound movement, or westbound 
direction.  The eastbound route starts at bus stop 1, located at the tourist attraction of Wet ’n’ 
Wild, and ends at stop 9, near the shopping area of Orlando Premier Outlets, for a total distance 
of 10,190 feet.  The westbound route starts at bus stop 10, the Orlando Premier Outlets on West 
Oak Ridge Road, and ends at stop 17, Walgreens Pharmacy just south of the Universal/ I-Drive 
intersection, for a total distance of 10,243 feet.  This included Non TSP signals to determine if 
there was much difference in travel time from TSP signals to non TSP signals along the route 
and possible effects of non TSP signals on the TSP equipped intersections. 
One signal location at the Sheraton Hotel, which is a mid-block pedestrian crossing, was 
not included in the study listing because the traffic signal rarely causes traffic to stop. This signal 
was equipped with TSP but only called for priority during the unconditional phase and as such 






CHAPTER THREE: EQUIPMENT REQUIRED 
 
Figure 4 below shows the equipment necessary for TSP at the traffic signal controller and 
the transit buses.  These photos show the GPS Antenna, GPS Phase Selector in the signal 
cabinet, controller in the signal cabinet with TSP settings, and the IR/GPS Emitter of the bus. 
The GPS antenna would be mounted to the mast arm or concrete strain pole at the signalized 
intersection.  The antenna would then be connected by cable to the controller cabinet electronics.  
The controller cabinet would include the GPS phase selector, the controller unit with the TSP 
settings and Ethernet communication equipment.  The latter would allow communication to the 
City of Orlando’s Traffic Management Center (TMC) located at the Orlando Executive Airport 
near State Road 408 east of downtown Orlando. 
The bus would contain the GPS emitter.   This unit has been connected to the AVL 
system in the bus by cable that allows for the bus location to be sent to the LYNX central office.  
The AVL would provide the bus location and would determine if the bus is behind schedule by 
three minutes or more. If this occurs it then activates the bus GPS emitter that would send a 
signal to the antenna at the TSP equipped intersection.  The components in the controller cabinet 
would then activate the TSP and either extend the green signal or truncate the red. This priority 
”call” would then be recorded at the City of Orlando’s TMC and be included in their preemption 
logs.  The preemption logs will be discussed in a later section. These logs for Unconditional and 
Conditional are located in Appendix B. 
Some older systems of TSP used both optical and infrared (IR) emitters that would 
transmit to a receiver at the traffic signal.  These types of systems required a line of site and had 
drawbacks as they had to be in direct line of sight to the signal.  If the roadway was curved or if 





deflected or blocked from being received.  In the Central Florida area, other local municipalities 
still use the IR line of sight system for emergency vehicles.  However, when the City of Orlando 
reviewed the options for GPS expansion, and in reviewing lessons learned from other agencies, it 
was determined that the City of Orlando required a system that was not just based on line of 
sight.  The requirements were such that the system must be activated as the fire engine exited 
from the fire station so when they entered the main signalized intersection the system would 
have been already activated in preemption mode.  This was the main reason for using this type of 
GPS system (Opticom GPS) originally for emergency services so as to decrease emergency 
response times, and this was later adapted for use in TSP for transit service. 
 







Figure 5: TSP antenna at Del Verde Way and I-Drive 
Figure 5 is an example of the GPS antenna at one of the TSP signals at Dele Verde Way 
on the I-Drive corridor.  This location is near the curve on I-Drive that changes the I-Drive 
direction from the eastbound direction to the northbound direction and the southbound direction 
to the westbound direction. 
  
Concrete signal 





CHAPTER FOUR: LITERATURE REVIEW 
4.1 Brief History of TSP 
 
The following is a brief historical review of some of the TSP systems in North America. 
 
Narrigan et al. (2002) [10] outlined how the City of Springfield, Massachusetts and the 
Pioneer Transit Authority (PVTA) were the first to install of that region of Massachusetts a 
Transit Signal Priority (TSP) system on one of the systems busiest transit routes on Sumner 
Avenue.  In 2001, the City of Springfield and the PVTA sought to improve transit within this 
corridor.  They applied for a grant from the Massachusetts Executive office (Massachusetts 
Department of Transportation office) using Congestion and Air Quality Mitigation funds as a 
funding source to reduce automobile trips and improve air quality by increasing transit. The 
system chosen was based on optical based transmitters on the bus with receivers located at the 
traffic signals. When a bus approaches a signalized intersection within 400 feet, the receiver at 
the traffic signal detects the optical transmission.   This will either shorten the cross streets green 
light or extends the green light along the bus route. A new algorithm was developed that would 
not disrupt the coordinated signal timing.  
Objectives of this project included reusing of existing signal equipment as much possible 
to reduce cost, reducing transit travel time through the corridor, increasing ridership,  reducing 
vehicle miles traveled, and improving poor air quality by offering a viable alternative to 
passenger vehicles. It was found after implementation that travel time was reduced in this route 





average of 11 passengers in the first four months.  It was reported that ridership had increased 
8% for October 2006 compared to the previous time period of October 2005.   
Kloos (2002) [11] discussed the City of Portland Oregon bus priority system in a 
workshop he conducted in 2002.  He discussed two issues with bus priority including the 
detection method and the priority method.  They determined that the GPS system had best met 
their objectives as they had used this type of system for fire preemption in Portland.  This is the 
similar type of TSP system that the City of Orlando uses for fire preemption and later for bus 
priority. 
The workshop discussed the use of bus controller communication methods that it shared 
with the Portland Fire Department.  Various TSP methods were tried including green extension 
and red truncation as well as providing queue jumps where the bus would “jump” the traffic 
queue at a signal.  They began their studies in early 1993 on Powell Boulevard. The GPS system 
coupled with AVL system allowed for a 10% reduction of travel time in the peak period and an 8 
to 10% on time performance. 
Wang et al. (2008) [12] studied the South Snohomish Transit Signal Priority (SS-RTSP) 
that had been installed on two corridors including 164
th
 Street SW corridor (Phase One) and on 
the SR 99 (Phase Two) in Snohomish County located in Seattle, Washington. The study 
quantitatively evaluated the impacts of the SS-RTSP system on both transit and local operations 
from the analysis of collected field data. The analysis found that the SS-RTSP provided positive 
benefits and had minimal impacts to side street traffic operations. The latter is always a concern 
to traffic operations engineers in any analysis of TSP. 
A report by the Toronto Transit Commission conducted in July 27, 2004 in Toronto, 





equipped intersections on streetcar routes with 115 equipped signalized intersections were on bus 
routes.  A six (6) intersection demonstration streetcar project began in 1990.  This involved 
controller pre-emption using simple algorithms.  From that demonstration project it found up to 
20% transit travel time reduction.  From that point the earlier algorithms were improved and pre-
empt functions were used for green extension and red truncations.  Since transit makes up a very 
important part of Toronto’s transportation network it was important to develop an efficient stem 
that carries between 31,000 and 52,000 passengers a day.  
In 1997 the Toronto transit signal priority was expanded to buses at 10 signalized 
intersections using infrared based vehicle communication [13].  This demonstration project 
found that transit delay decreased up to 46% and that cross street traffic was not adversely 
delayed (the latter is important so as not to disrupt cross street operations).  It also found that 
there were issues to the bus detection system with reflection of signal and missed detection 
issues because of equipment alignment issues using the line of sight infrared systems.  Several 
recommendations were made to use loop based detection (less costly option) and equip the buses 
with RF transmitters.  In 1998, 33 intersections were equipped with transit signal priority with 
the savings of over $235,000 in operating costs annually. 
4.2 Current TSP Literature Review 
 
There has been extensive research performed on TSP both nationally and internationally.  
As briefly discussed under Brief History, one of the research papers reviewed concerned the City 
of Portland, Oregon, which had developed a TSP system for their buses in the late 1990’s (see 





time behind schedule could receive transit signal priority at intersections to help them remain on 
schedule.   
Many of the studies conducted used VISSIM modeling to optimize the signal 
coordination with TSP.  There was also some other research that was devoted to resolve the issue 
of a system-wide traffic signal operation disrupted by the individual signal use of TSP.  This is 
always a concern with traffic operations engineers that TSP will disrupt signal coordination. 
Other research involved transit service performance before and after a TSP deployment.  Data 
was studied and analyzed to evaluate the performance and benefit of the TSP system.  As a result 
of one of the studies, the bus schedule was reduced by two minutes after TSP deployment was 
used to take full advantage of the conditional signal priority strategy. 
In Europe, studies conducted in Norway used a different approach.  These studies focused 
on the use of virtual loops based on the onboard bus computer as a foundation for priority 
requests to the traffic lights. Additional studies in Norway showed that the use of ITS in public 
transportation can provide a positive effect and be profitable from an economic perspective. 
It was also found that BRT leads to economic development and increased land value.  It 
also appears that home buyers are willing to pay a premium cost for a home with easier access to 
high quality transit service.  This would support the development of Transit Oriented 
Developments (TOD) as part of a responsible society. 
An area of concern is how TSP affects side street signalized intersections.  This was 
reviewed through in the following section as an important component of TSP evaluation. The 
literature review that follows is to determine what has been performed to determine what 
methods and tools have been used in previous projects including micro simulation to determine 





H. Smith, B. Hemily, M. Ivanovic (2005) [7] discussed that when TSP is used it can be 
an effective tool to help make transit service more reliable, faster, and more cost effective. TSP 
has little impact on general traffic and is an inexpensive way to make transit more competitive 
with the automobile. It is used extensively in other parts of the world, and is rapidly becoming 
more popular in the United States. 
Islam et al. (2012) [14] analyzed different Transit Signal Priority (TSP) strategies for 
improving the performance of the LRT corridor. VISSIM, a micro- simulation tool with its Ring 
Barrier Controller (RBC) emulator is used to implement the strategies at a major intersection 
during peak hours. Field data for both AM and PM peak hours were collected at four 
intersections along the corridor for the calibration of the VISSIM model. The three TSP 
strategies explored in this paper are (a) Simple LRT preemption (b) LRT prediction and 
preemption, and (c) LRT prediction and preemption together with transit bus priority. Each 
strategy is evaluated by comparing the performance measures. It is found from the results that 
the strategy (b), where LRT arrival time is predicted to provide LRT preemption, yields the 
highest improvement in the corridor performance. 
Liao (2012) [15] indicated that as part of the Urban Partnership Agreement (UPA) in 
Minnesota, Transit Signal Priority (TSP) was implemented on 27 signalized intersections along 
Central Avenue from north Minneapolis to I-694. Transit service performance before and after 
the TSP deployment was studied to evaluate TSP benefits. As a result of the TSP deployment, 
bus schedule was reduced by two minutes to take full advantage of the conditional signal priority 
strategy. 
A wireless-based TSP algorithm previously developed by the author was installed and 





strategy considered bus location, and speed and schedule adherence for priority request. A 
customized onboard-embedded system, namely UMN TSP, was also developed to interface with 
radio hardware and bypass the existing onboard TSP algorithm. The objective was to validate the 
UMN TSP algorithm and to compare its performance with the existing system by taking 
advantage of the already instrumented onboard equipment and roadside infrastructure.   
Buses equipped with the UMN TSP system communicate with the intersection signal 
controllers when they are approaching and pass through a signalized intersection. The link travel 
time and time point (TP) time (a geometric point in time) on the TSP-equipped route segments 
were compared. Test results indicated that the existing TSP implementation improves bus travel 
time by about 4 to6%. The UMN TSP algorithm gained an additional 3to 6% of travel time 
reduction as compared to other buses operating on the same route during a two-week test period.  
Pessaro and Van Nostrand (2012) [16] described an empirical method that was used to 
measure the before and after effects of TSP for the I-95 Express Bus Service in South Florida. 
The method involved synchronizing travel time data from the automated passenger counters 
(APCs) with delay data collected manually by observers on the bus. The result was a complete 
picture of the TSP’s impacts on transit service.  
The measures included before and after results for travel times, on-time performance, 
components of delay (e.g., dwell time, signal delay, turn-out delay), as well as average signal 
delay per intersection. The results indicated a 12.1 percent reduction in bus travel times, a 
decrease in average signal delay from 24 to 20 percent of the total travel time, and an 
improvement in on-time performance from 66.7 to 75 percent. The results confirmed that nearly 





improvements, Broward County Transit was able to modify the route schedule and reduce the 
actual running time by four minutes.  
Ruimin and Zhang (2012) [17] developed a multi-objective transit signal priority model 
based on schedule to give priority to Bus Rapid Transit (BRT) system with segregated lane and 
dedicated signal light at an intersection. This model gives signal priority strategy to different 
BRT vehicles according to their schedule maintenance, including conditional priority for delayed 
BRT vehicle and holding strategy for early BRT vehicle, in order to improve BRT schedule 
maintenance, headway maintenance and minimize the negative impacts on the non-prioritized 
vehicles with limiting their maximum delay. The VISSIM-based simulation results indicate that 
the proposed model can provide more reliable BRT service than which based on non-prioritized 
or non-differential signal priority strategy.  
Min Yang, et al. (2012) [18] analyzed two proposed control strategies using a 
microscopic traffic simulator VISSIM. The first strategy is transit speed guidance, a traffic 
control strategy that provides priority at intersections for buses through guiding and controlling 
the travel speed of buses so that the bus arrival at certain intersection is predictable. The other 
strategy is signal priority using advanced detection, a Transit Signal Priority (TSP) strategy that 
detects one cycle in advance of buses’ arrival so that we can adapt a more flexible control 
algorithm to provide signal priority for buses.  
The example is based on the BRT planning scheme on Shengli Avenue in Yingtan City 
(Jiangxi province) in the People’s Republic of China, including BRT features like exclusive bus 
lanes, bus stops installed in front of stop line and load/unload passengers during red signal 
period. Based on the evaluation of indicators like delay, travel speed and reliability, the 





efficiency of public transit. It compared the three simple scenarios (base case, exclusive bus lane 
and conventional signal priority). It offers a case study for the management and control of BRT 
operation, and provides some practical insights about how to improve public transit efficiency.  
Zlatkovic et al. (2012) [19] presented an analysis of different Transit Signal Priority 
(TSP) for a future Bus Rapid Transit (BRT) corridor in West Valley City, Utah. The goal was to 
find the optimal TSP strategy for estimated and planned traffic and transit operations. The study 
used VISSIM micro-simulation software in combination with ASC/3 Software-in-the-Loop (SIL) 
simulation. Four different models were used in the analysis: No TSP, TSP, TSP with phase 
rotation and Custom TSP. The results show that TSP with phase rotation and Custom TSP can 
both be considered for implementation. TSP with phase rotation brings significant benefits for 
BRT, with minimum impacts on vehicular traffic. Custom TSP brings major benefits for BRT in 
terms of travel times, delays and stops. However, this strategy has more impacts on vehicular 
traffic. Custom TSP is an advanced strategy that still needs examination and improvement. The 
study provided a set of instructions on how the described strategies can be implemented in the 
field traffic controllers.  
Albright and Figliozzi (2012) [20] focused on the effectiveness of conditional transit 
priority, or the manipulation of traffic signal timing plans to reduce delay of late transit buses. 
The integration of two different transportation subsystems is studied: traffic signals and public 
transit systems. These subsystems interact along a congested corridor where they share a 
common roadway infrastructure and transit signal priority (TSP) regulates the interaction 
between traffic signals, passenger traffic and buses. Previous research has focused on bus TSP 
performance evaluation at the route level. However, in practice it is important to understand not 





intersection level, e.g., to allow progression in major cross streets. Furthermore, TSP can 
significantly improve performance at specific intersections even though at the route level TSP 
shows a more modest impact. This research proposed the integration of several datasets such as 
bus scheduling and location, passenger flows, and TSP requests to evaluate schedule adherence 
at the stop level and TSP performance at the signalized intersection level. They analyzed a 
congested arterial corridor and utilized regression analysis to determine the key factors that 
affect bus travel time and schedule recovery for late buses. They found that TSP tends to be most 
effective at lower volume intersections where queuing is less problematic. Implications of the 
findings were analyzed and discussed.  
Koonce (2012) [21] discussed that transit service is a vital part of any responsible 
transportation system by providing mobility and access for all members of society.  This article 
also describes the city of Portland (Oregon) in collaboration with TriMet (Portland’s regional 
transit provider) and the Oregon Department of transportation implementation of TSP at more 
than 240 intersections on seven transit routes. It resulted in “smart “ buses that would selectively 
request signal priority based on the status of their schedule.  This system was started in 1999 and 
completed in 2003.  The controller software was upgraded to allow for green light extension for 
the bus phase and red truncation for non-bus phases.  They used the GPS system (similar to the 
City of Orlando) and an automatic vehicle locator (AVL) system.  This article also  
included a discussion of the decline of public agency funding and suggested an increase in the 
number of financial partners including private partnerships. 
Perk and Catal (2012) [22] discussed the impact to property value because of Bus Rapid 
Transit (BRT).  In this article they contend that as more BRT systems are planned and operating 





need to be evaluated.  There seems to be both qualitative and anecdotal information that the 
implementation of BRT service leads to economic development and increased land value.  They 
studied systems in Pittsburgh, the East Bus way, and the Boston Silver Line Washington Street.  
From their studies they found that residents were willing to pay an additional cost for easy access 
to quality transit service. 
O. Tveit (2011) [23] presented a new TSP concept at the 2011 Intelligent Transportation 
Systems (ITS) World Congress held in Orlando, Florida. This new innovative TSP approach is 
called “Virtual Loops for Traffic Signal Priority” and describes the implementation of a new 
real-time system for buses that are also utilized as a basis for signal priority in Trondheim, 
Norway. The focus of the paper is the use of virtual loops based on the onboard bus computer as 
a foundation for priority requests towards the traffic lights. It discusses the principle about the 
sytsem and gives some data about accuracy.  In this study, the lack of the local bus to 
intersection communication was highlighted. All data communication for bus positioning data is 
processed through GPRS connections to a central system. After processing the priority requests 




Welde et al. (2011) [24] presented their paper at the ITS World Congress called the 
“Evaluating the Impacts of Real Time Passenger Information and Bus Signal Priority” also in 
Trondheim, Norway. This included an evaluation of the impacts of real time passenger 
information and bus signal priority on public transport in the Norwegian city of Trondheim. The 
paper aims to expand the knowledge in this area and provide evidence of both socio economic 







Ghanim and Abu-Lebdeh (2012) [25] have performed recent research by attempting to 
resolve the issue of a system wide traffic signal operations disrupted by the individual signal use 
of  TSP to the signal network.  They have developed real time traffic signal control integrating 
traffic signal optimization and transit signal priority using Genetic Algorithms (GA) and 
Artificial Neural Network (ANN) modeling algorithms to resolve this issue.  Their analysis 
found that the proposed signal control system was able to reduce traffic delay and stops and thus 
improve transit schedule adherence.  They also found that service reliability was improved 
compared to scenarios involving pre-timed and traffic only real time control.  The research 
developed a dynamic signal priority optimization real time traffic algorithm known as D-
SPORT.  This algorithm uses a GA to perform signal optimization and an ANN model to predict 
bus arrival time along its route.  The D-SPORT is based on different ANN architectures. 
Kittelson (2013) [26] did a before and after evaluation on TSP alongI-Drive in Orlando, 
Florida (US) (these are the same traffic signal locations that are evaluated in this paper).  They 
collected a small amount of field data for midday and evening hours in both directions.  The 
results showed a decrease in bus travel time ranging from 2% to 12% with the conditional TSP 
implemented, and an increase in travel time southbound/westbound during the evening period.  
In the report this may have been caused by a large increase in passenger load during the PM peak 
as well as traffic volumes increase during the collection time in the after study. 
Kimpel, et al. (2005) [27] performed a before and after study on TSP in Portland, 
Oregon (US).  They found an overall decrease in bus travel time, with major savings occurring 





NDSU (2009) [28] evaluated TSP at three intersections near their college campus in 
Fargo, North Dakota (US).  They found that TSP increased efficiency at two of the intersections 
in peak hours, and increased efficiency at the other intersection at all times.  
Zhou (2012) [29] evaluated Greenhouse Gas (GHG’s) Emission reductions associated 
with the Going to the River Project in Portland, Oregon (US). The evaluation found that no 
existing modeling program fully examines the impacts of a transportation project from shifting 
the modes in any multimodal project.  The paper presented sketch planning methods for GHG’s 
resulting from transportation improvements.  
4.3 VISSIM Literature Review  
 
This literature review was used to determine what methods have been used to validate 
and calibrate the VISSIM models. 
4.3.1 VISSIM Calibration and Validation 
 
Pande at al. (2012) [30], published information at the Mineta Transportation Institute on 
the modeling, calibration, and validation of a VISSIM traffic flow simulation in Southern 
California.  The developed model network required large amounts of data including roadway 
geometry, traffic signal timing and signal coordination, and turning movement volumes.  The 
turning movement volumes at signalized intersections were utilized in the validation and use of 
the GEH statistic. Once the VISSIM model was validated it was used to simulate different 






Vaiana, Gallelli, 2011 [31], had performed research in Italy on roundabouts design and 
reliability of the functional design using the results from micro-simulation programs.  This 
requires the knowledge on how many and which input parameters are necessary for the model 
inputs.  This research included the calibration process and the comparison of  model parameters 
with real world data.  This approach allows for the model to realistically represent the real-world 
traffic.  Their goal was to minimize the discrepancies between the micro-simulation models and 
observed field data. 
Oketch, Dilwaria, 2011 [32], described the calibration and validation of a micro-
simulation model in Niagara Falls, Ontario for large urban networks.  This model was used to 
assess traffic operations along with traffic management which included the deployment of 
Intelligent Transportation Systems in the tourist areas of Niagara Falls.  This network included 
freeways, arterials, and collector roads including ninety traffic signalized intersections.  The 
calibration focused on PM peak hours with comparisons of modeled and observed traffic 
volumes. 
Oketch, Carrick, 2005 [33], presented a paper to TRB on the calibration and validation 
for a network analysis of a sub-area in Niagara Falls, Ontario using the micro-simulation model 
Paramics. The calibration included comparing the micro-simulation model to the collected field 
data for traffic volumes, and turning movement counts at intersections.  It also measured the 







4.4 Summary of Literature Review 
 
The literature review found that many studies of TSP found that it did reduce transit 
travel times and increased ridership as schedule reliability increased.  Several of the studies 
included whether side street signalized intersections were impacted by TSP and found that there 
were minimal impacts to the side streets.  Data collection was a key in the development of 
VISSIM modeling as several studies found. 
The importance of this literature review was to determine what had been done previously 
and what studies of TSP found the systems to be beneficial.  It was critical in developing the 
methodologies and data collection necessary for this research of TSP in the Orlando area.  This 
study would help to support whether to continue with the TSP developed on the I-Drive corridor 
for inclusion into other corridors of Central Florida. 
The literature review had found that little research was performed on bus passenger 
savings of TSP.  To determine these parameters, we collected the necessary data by riding the 
bus to determine travel times, stop delays and any bus delays.  This data is important to evaluate 
if the TSP system is effective and should be considered for expansion.  Data collection also 
revealed discrepancies between the real world and simulation.  The data collection team 
encountered delays in real world scenarios involving passenger boarding and alighting that are 
difficult to simulate.  This experience allowed the research to understand factors not under 
human control, including delays caused by weather.  Passenger travel times can be simulated, but 
real world data allowed the research team to better understand reasons why the simulation output 





team a comprehensive understanding of all the dynamics that affect bus travel times and 
passenger delay. 
The importance of TSP was even noted in a 2011 article in the Orlando Sentinel 
regarding the City’s upgrades to signal preemption for emergency vehicles (fire) and later 






CHAPTER FIVE: METHODOLOGY 
 
Several aspects of data collection were necessary to provide for a before and after 
comparison.  There are three scenarios during which delay, travel times, and passenger counts 
were collected and are as follows: 
5.1 The No TSP scenario (the before) 
 
During the months of March and early April 2013, the existing TSP system was turned 
off at the signal controller for real world data collection to occur with the base signal timing. 
This required a field technician to physically turn off TSP at each controller cabinet. 
5.2 The Unconditional TSP scenario 
 
For a three week period in April 2013, the existing Unconditional TSP system was made 
operational (enabling the TSP at the signal controller) and data collection occurred with every 
bus, regardless of schedule, receiving unconditional priority treatment at the seven TSP 
signalized intersections. 
5.3 The Conditional TSP Scenario (the after) 
 
Once conditional priority was established, a final set of data was collected from June to 
September 2013 for comparison against the above scenarios.  This involved the operational bus 
TSP emitter connected to the AVL system on the 16 equipped LINK 8 buses.  The system was 
programmed to activate the TSP emitter if the bus was 3 minutes or more behind schedule. The 
conditional priority behind schedule time was chosen as 3 minutes or more behind schedule as 





adopted by LYNX.  It should be noted that the 3 minutes behind schedule time was lower than 
the industry standard of 5 minutes (Kloos, 2002).   
Another source of collected data was passenger count information provided by LYNX.  
This data was reviewed to determine the peak passenger volumes.  Passenger count data was 
obtained for three bus links in the I-Drive Corridor where the intersections of interest were 
located between the signalized intersections of Fun Spot Way (formerly Touchstone Boulevard) 
and Universal Boulevard.  The three bus Links were 8, 37 and 42.  This research concentrated on 
Link 8 on I-Drive since this contained the 16 TSP equipped buses.  
Part of this research study involved the analysis of the data collected and to determine the 
best way to verify if the TSP was or was not effective in this corridor.  Several scenarios were 
considered.  The data was analyzed for delays at each intersection using the before data (No 
TSP) and comparing it to the after data (Conditional priority).  One area considered was the 
delay times at each bus stop that occurred, but there are many variables beyond our control that 
affect this delay.  Delays can occur due to as simple a reason as a patron looking for change, a 
patron asking for directions or an unusually heavy passenger load at a particular stop. Statistical 
analysis will be performed utilizing this data and will be discussed in detail in a later section. 
Several scenarios were used for VISSIM modeling utilizing the data collected to optimize 
the schedule time for buses running behind schedule.  Other modeling included the development 
of models to determine the average speed profile, the average travel times, turning movement 





CHAPTER SIX: SYSTEM ARCHITECTURE 
 
The engineering firm Kittelson and Associates in Orlando, Florida (US) designed and 
implemented the TSP system architecture (Figure 6) and ran test runs to validate the system 
(Freeman, 2013)[26].  They were under a design consultant contract to the city of Orlando.  
The basic system architecture was composed of two major sub-systems based on the US 
National Transportation Communications for Intelligent Transportation System Protocol 
(NTCIP) 1211 terminology. This includes a LYNX Conditional Priority Request Generator 
(PRG) and a City of Orlando Priority Request Server (PRS). However, given limitations in the 
current components of the system architecture, a transitional hybrid system was needed. This 
transitional system would use the existing distributed architecture with an unconditional PRG on 
the bus and a PRS in the traffic signal which receives the priority request. The transitional 
system would provide a conditional function provided through an upgrade to the Automatic 
Vehicle Location (AVL) system and the LYNX (Transit) Fleet Management Center (FMC) to 
the City’s Traffic Management Center (TMC) connection. This would provide the first link in 
developing a PRS at the TMC. 
In order to establish Conditional priority, the installed AVL system allowed LYNX the 
real-time ability to monitor on-time bus performance and the AVL updates of the bus location 
every 30 seconds. This allowed LYNX to control whether or not signal priority is granted to any 
equipped bus.  This is important for transit riders, as running ahead of schedule is considered 
worse than running behind.  If the bus is ahead of schedule, the transit rider may miss the bus if 
they arrive when the bus is scheduled to arrive, but the bus has already arrived and left to travel 





Part of the development of the system architecture, was to define that eight (8) seconds of 
green extension as the minimum interval of time necessary to warrant the use of TSP.  The seven 
signals on I-Drive operate on three time of day coordination patterns that coordinate the traffic 
movement on I-Drive.  This is except for Kirkman Road that has coordination movements on 
Kirkman Road (a major north south roadway).  The traffic signals at Del Verde Way and 
pedestrian signal at Sheraton are running at half cycle length of 75 seconds while the other 
signals run at 150 to 180 seconds depending on time of day. Table 1 has the signal cycle lengths 
(in seconds) for all seven TSP signals. The range of cycle length is due to time of day. 
Table 1: I-Drive study area signal cycle length (seconds) 
Source of data: City of Orlando 
Location Cycle Length (Seconds) 
Universal Boulevard 150 to 180 
Ped Signal at Sheraton 75 
Kirkman Road 150 to 170 
Grand National 150 to 170 
Municipal Drive 150 
Del Verde 75 
Fun Spot Way 150 
 
Using the NAZTEC TS2 controller, it has two options to modify the split patterns for the 
signals.  These two options are MAX Extend and MAX Reduce. The MAX Reduce is the 
maximum amount of green time that can be reduced from non-transit phases during the TSP 
phase (either unconditional or conditional).  MAX Extend is the sum of the MAX Reduce in that 
same ring.  This ring is also called the continuous loop in which the signal control organizes 
phases by grouping them and separates the crossing streets with time between when they operate 






The conditional priority behind schedule was chosen for three minutes or more behind 
schedule as part of the system programing by the Kittleson team and LYNX.  As noted before, 
this time was lower than the industry standard of five minutes behind schedule (Kloos, 2001)(11) 
 
Figure 6: TSP system architecture developed by Kittleson and Associates  
 
6.1 Signal Preemption Hierarchy 
 
There are several levels of signal preemption: railroad preemption, emergency vehicle 
preemption and transit preemption.  The highest level is railroad preemption with emergency 
vehicle preemption being the next highest.  Transit signal priority is the lowest level of 





signal, it will override any transit TSP signal that has been sent to the controller and provide 






CHAPTER SEVEN: DATA COLLECTION 
 
The data collection involved the review of past traffic studies including traffic volumes 
from the Florida Department of Transportation (FDOT) count stations on South Kirkman Road, 
an Orange County Public Works data base on traffic counts, and an I-Drive Area Transportation 
Study conducted by HNTB in 2007  [35].  In this latter study, Synchro files used the Orlando 
Urban Transportation Study (OUTS) results and model as a background.  The 2007 traffic 
volumes projected to future years were higher than the actual tube count volumes found in 
September 2012 and June 2013, due to the decrease of tourist travel to Orlando during the 
economic recession that began in 2008.   
7.1 Passenger Counts Data Collection 
 
Passenger counts were provided by LYNX for October 2011 to February 2012 and were 
used to determine the peak hours of passenger demand, using the statistical program JMP 
developed by SAS. The counts are shown in Appendix C. The peak hours for passenger demand 
were between the hours of 4:00 PM to 5:00 PM, Monday through Friday (Figure 7).  To ensure 
that the collected data occurred during these peak hours, it was determined to collect passenger 
counts between the hours of 3:00 PM and 7:00PM (Tuesday through Thursday).  This data 
collection involved a team of UCF students riding the bus from the beginning of the test corridor 
at Wet-n-Wild (Universal Boulevard) to the end of the test corridor at the Prime Outlets (Oak 







Figure 7: Passenger count data from October 31 to November 18, 2011, and from January 
9 to February 1, 2012, Bivariate Fit of Load by Time (Data Source LYNX) 
7.2 Discussion of Data Collection 
 
Traffic volumes were collected by a team of UCF students performing research on a 
University Transportation Center (UTC) project and City of Orlando using pneumatic tubes at 
several locations along the corridor (Figure 8). (See Appendix D) The UTC Project was a 
collaborative effort between the University of Central Florida (UCF) and Florida International 
University (FIU) and the project was titled “Performance Measurements of Transportation 
Systems based on Fine-Grained Data Collected by AVI and AVL Systems,” sponsored by the 
Georgia Institute of Technology University Transportation Center.       
As part of the data collection effort, the City of Orlando video camera on the mast arm 
support was used at Kirkman Road to record turning movements at this intersection (See Figure 
9).  In addition, turning movement counts were performed at Fun Spot Way, Municipal Drive, 
Grand National Drive and Universal Boulevard by either using a Jamar count board or by video 





   
Figure 8: Pneumatic tubes used for vehicle classifications near Fun Spot  
Way on northbound I-Drive 
 
 
Figure 9: Traffic camera on mast arm signal and antenna at Kirkman Road and I-Drive 
   
Also acquired were the City of Orlando’s signal split histories for all seven TSP signalized 















Figure 11: Videotaping turning movements at Universal Boulevard  


















Figure 13: Traffic counter used for speed, volumes and vehicle classifications 
 
Figures 12 and 13 are close up views of the JAMAR count board and traffic counter for 
speed and volumes.  The JAMAR is a hand held device and operated by a field technician for 
later data uploading into the computer program.  Traffic counters are deployed by field 
technicians and attached to pneumatic tubes that stretch across the roadway and are automatic.  
They are returned by field staff after a two day count (48 continuous hours) and the raw data 





7.3 Signal Timing Data Collection Efforts (Split History) 
 
The signal timing information was recorded by the City of Orlando Traffic Management 
Center (TMC) and was used in the development of the VISSIM simulation modeling for this 
corridor. Signal timing data sheets are shown in Appendix E.  It is extremely important to 
develop an optimized model for signal timing which will minimize disruptions to the intersecting 
traffic at equipped TSP signalized intersections.  Two such intersections at Universal Boulevard 
and Kirkman Road are major intersections with a high volume of traffic and any additional delay 
would severely impact the roadway network.  A sample of the split history which includes the 
cycle length is recorded and stored by the City of Orlando Traffic Engineering Department at 












7.4 Field Data Collected 
 
The field data collected during this research includes the following information: 
 Speed and Volume counts (source: City of Orlando) 
 Passenger count information (Automatic Passenger Counts (APC) from LYNX and hand 
counts collected by UCF students riding the bus) 
 Total Signal Delay (collected by UCF students riding the bus) 
 Total Passenger Delay (collected by UCF students riding the bus) 
 Signal split history (source: City of Orlando) 
 Preemption logs (source: City of Orlando) 
 Turning Movement Counts (video recordings and by UCF students performing hand 
counts) 
 Vehicle Classification (source: City of Orlando) 
The above information was used in the development of the VISSIM models. 
7.4.1 Bus Field Data Collection 
 
The “before” data was collected while on-board the Link 8 bus for several days until a 
sufficient amount of data samples were obtained in March and early April 2013.  Data collected 
included the following information:  weather; the location number for each bus stop; the 
arrival time of the bus; bus door opened, which is the time it takes to open the door completely 
after arriving at each bus stop (in seconds); the bus door closes, which is the time it takes to 
close the door completely from the moment the door opened completely (in seconds); the bus 





(in seconds); the traffic signal delay, which is the time of red light (in seconds); the passengers 
boarding, which is the number of passengers that get on the bus at each bus stop; passengers 
alighting; which is the number of passengers that leave the bus at each stop; and the number of 
passengers that stay on board, which is the total number of passengers on the bus after the bus 
leaves that bus stop.  See Figure 15 for a sample of the spreadsheet used to collect this data. 
 
 
Figure 15: Example of actual passenger count data collected on March 6, 2013 
Similar information was collected in the after study (Unconditional and Conditional TSP at 3 
minutes behind) during May through September 2013. See Appendix G for bus data collected. 
7.5 All Data Collected  
 
All data collected for this research study included a review of the available data and 
results of the Kittleson’s TSP Study (Freeman, 2013) found that there was sufficient data to 





runs in each direction but due to a limited field budget and project scope it did not include 
VISSIM modeling. In a sense, the Kittleson study data complemented data collected in this 
research study and benefited the input information into VISSIM modeling later on. 
The VISSIM modeling effort in this proposed dissertation include the development of 
models to determine the average speed profile, the average travel times, turning movement 
counts at all signalized intersections, evaluating scenarios with three and five minutes behind 
schedule, and evaluating arterial performance along the corridor.   
Traffic volumes are shown in Table 2 and Figures 16 and 17.  These values will be later 
used in in the VISSIM models and will be used in the evaluation of the model results.  As seen in 
table 2, I-Drive traffic volumes are over 10,000 VPD except in the area of Kirkman Road.  
Traffic volumes for I-Drive westbound are 15,297 and for eastbound are 14, 687.  These higher 
numbers are important as the higher volumes will later be shown to have effects to the Kirkman 
Road signal.  In addition eastbound Grand National at the I-Drive volumes are 14,744 VPD 
which indicates that the traffic from the Kirkman intersection could influence this signal 






Table 2: Traffic volumes for I-Drive and TSP signalized intersections 
Intersection Direction Volume 
Universal-I-Drive Northbound 4,367 
Universal-I-Drive Southbound 6,721 
I-Drive-Universal Eastbound 10,012 
I-Drive-Universal Westbound 10,993 
Kirkman-I-Drive* Northbound 28,500 
Kirkman-I-Drive* Southbound 49,000 
I-Drive-Kirkman Eastbound 14,687 
I-Drive-Kirkman Westbound 15,927 
Grand National-I-
Drive Northbound 2,273 
Grand National-I-
Drive Southbound 5,222 
I-Drive-Grand 
National Eastbound 14,744 
I-Drive-Grand 
National Westbound 9,483 
Municipal- I-Drive Northbound 2,696 
Municipal- I-Drive Southbound 153 
I-Drive- Municipal Eastbound 10,176 
I-Drive- Municipal Westbound 9,112 
Del Verde- I-Drive Eastbound 398 
Del Verde- I-Drive Westbound N/A 
I-Drive- Del Verde Northbound 10,381 
I-Drive- Del Verde Southbound 9,282 
Fun Spot- I-Drive Eastbound 1,213 
Fun Spot- I-Drive Westbound 147 
I-Drive- Fun Spot Northbound 10,302 
I-Drive- Fun Spot Southbound 8,645 
 






Figure 16: Eastbound I-Drive Volumes 
 
Figure 17: Westbound I-Drive Volumes 
7.6 Challenges 
 
Several challenges were encountered during the bus data collection.  Initially, challenges 
concerned the time frame for the data collection due to the City of Orlando’s I-Drive Congestion 



























































2013.  Delays to the construction start date allowed data collection to continue. The construction 
began July 8, 2013 but the lanes and transit were not affected until late September 2013.   
Another issue arose involving the equipment on both the 16 TSP equipped buses and the 
signalized intersections.  Connections of the GPS module in the buses had to be physically 
connected to the Automatic Vehicle Locater (AVL) system at the rear of the bus by a 25 foot 
long copper cable (See Figure 18).  
  
Figure 18: Twenty Five foot copper cable to connect GPS with AVL in Link 8 bus 
Once connected, another issue occurred over the interface programming for the AVL to 
communicate to the GPS emitter on the bus.  The issue was that the GPS emitter (Model 794) 
would emit a signal microseconds prior to the Infrared (IR) emitter (Model 1021) emitting a 
signal to the GPS receiver at the traffic signal. This prevented the traffic signal from receiving 
the command to provide a green extension or red truncation.  At the seven TSP signalized 
intersections located in the test corridor, there was a mixture of the IR and GPS systems.  We 
found that the IR emitter was not communicating with the four IR equipped traffic signals.  The 
City of Orlando temporarily resolved this issue by replacing the IR units at the signal with 
Opticom GPS.  It was then verified that the system was fully operational by reviewing the City 
of Orlando’s Signal Preemption logs. The newer model of the TSP bus emitter is no. 2101 which 





An issue must be considered where the pedestrian clearance interval can affect the TSP 
when activated.  The clearance interval of time can affect the limited time that can be allocated to 
the TSP green extension or red truncation.  There is concern that a pedestrian could be trapped in 
the middle of a pedestrian phase if TSP is activated.  This is not a safe crossing proposition for 
the pedestrian. 
7.7 Field Observations 
 
The following observations were made at the beginning of field data collection for 
passenger information in 2013 during the unconditional and conditional phases.  During the PM 
peak hour, three buses for Link 8 were running at the same time in the same direction.  The Link 
8 buses at PM peak hour were running at or near capacity. 
The headways of 15 minutes were not met during the PM peak.  In some instances it was 
more than one hour between buses.  At one point on March 6, 2013, during the PM peak hour, 
there was more than 1½ hour delay at the bus stop on Oak Ridge Road.  Two full Link 8 buses 
did not stop at 5:15 PM at this location. In discussions with the waiting bus patrons, they 
expressed frustration with the bus system as they had to wait iver one hour for the next bus. 
In data collection for the after condition (Conditional TSP), the UCF research team had 
difficulty gathering data due to buses being full and often not stopping at all bus stops.  The full 
buses also caused delays in the boarding and alighting of passengers. Afternoon summer rains 
during the collection times between 3:00 PM and 7:00 PM in June and July 2013 disrupted 
unbiased data collection.  Traffic volumes increased, especially for the westbound traffic 
possibly due to more tourists visiting the area after school was out for summer.  This was also 





7.8 Lessons Learned 
 
A thorough evaluation of all system components is necessary to determine what 
infrastructure exists and if it is compatible with other newer systems.  In Figure 19, a field 
review was performed in the traffic signal cabinet and its components.  Something as simple as 
the type and size of the controller cabinet must be considered to determine if there is room in the 
cabinet for TSP electronic components and cables.  
A meeting should be held early in the design phase with all stake holders to create 
objectives and identify any challenges including funding for TSP implementation  The objectives 
need to be clearly defined to determine what the end result of the TSP process will look like.  If 
the goal is to increase ridership it may depend on what the transit rider may desire in a bus.  It 
may be as simple as adding televisions to the bus, kiosk with real time bus information or having 
more security cameras at each bus stop.  The transit riders must be included in the stakeholder 
process to determine what is important to them.  The transit company may have different goals 













CHAPTER EIGHT: DATA EXPLORATION AND STATISTICAL 
ANALYSIS 
8.1 Signal Red Delay, Average Passenger Delay, and Average Passengers on Board 
 
Data exploration was performed from the data collected in the field for each TSP scenario: 
No TSP, Unconditional TSP, and Conditional TSP with traffic signal red delay and passenger 
stop delay. These are shown in Table 3 for the eastbound direction.  The values shown are 
averages and the time is shown in seconds.  The “passengers on board” parameter represents the 
average number of passengers on the bus at the corresponding location.  Table 4 shows similar 
information for the westbound direction on I-Drive.  
The signal data was evaluated and as was previously noted the mid-block pedestrian signal 
rarely impacted I-Drive traffic and the Kirkman Road signal rarely had TSP calls.  For these 
reasons these two signals were not included in data exploration and only five signals were 
evaluated in data exploration. Even though Kirkman was essentially a non TSP signal, it had 
experienced lower red signal delay with Conditional TSP than No TSP and Unconditional TSP 















EB Average Signal Red Delay Sec EB EB Average Passenger Delay Sec EB Average Passengers On Board 
No-















1 0           1 12.0 11.4 14.5 32.9 31.8 38.8 
2 22 Universal TSP 14.6 14.0 16.7               
3 770           2 23.1 13.6 20.6 34.3 31.3 42.6 
4 1716 Kirkman 
Non 
TSP 37.7 32.0 20.8               
5 2529 
Grand 
National TSP 32.3 34.3 33.6               
6 2783           3 18.7 15.1 16.0 36.5 33 44.1 
7 3810 Municipal TSP 3.7 0.0 4.5               
8 4014           4 11.3 10.7 6.5 36.8 33.6 44.9 
9 4533 
Del Verde 
Way TSP 1.0 0.8 0.0               
10 5096           5 1.3 1.5 0.0 36.8 33.6 44.9 
11 5755 Fun Spot TSP 10.1 8.0 2.7               
12 5966           6 5.8 7.3 2.2 36.7 33.1 45.2 
13 6494 Altamira 
Non 
TSP 44.5 20.4 59.5               
14 6758           7 9.6 10.6 9.5 37.1 33.9 45.3 
15 9240           8 26.3 15.1 13.5 37.6 32.7 44.8 
16 9821 Oak Ridge 
Non 
TSP 35.4 30.9 33.9               
17 10190           9 18.1 13.2 13.5 37.9 33.1 44.8 
    Total Corridor TSP 62 57 58               
    
Total Corridor Non-
TSP 118 83 114               
    Total Corridor 179 140 172 
Total 
Corrido















WB Average Signal Red Delay Sec WB WB Average Passenger Delay Sec WB Average Passengers On Board 
No-















18 0           10 14.7 11.7 11.9 15.0 12.2 16.6 
19 304 Oak Ridge 
Non 
TSP 22.0 24.3 8.0               
20 1020           11 26.2 15.8 10.7 16.6 13.1 17.3 
21 3408           12 8.2 4 3.5 16.3 12.9 17.6 
22 3692 Altamira 
Non 
TSP 14.9 5.8 21.5               
23 4295           13 6.7 5.2 4.7 16.6 13.4 18.7 
24 4397 Fun Spot TSP 8.3 17.1 18.5               
25 4397 
Del Verde 
Way TSP 1.7 0.0 0.0               
26 6230 Municipal TSP 5.8 0.0 4.9               
27 6389           14 6.2 9.1 11.4 15.8 12.8 19.4 
28 7445           15 20.9 22.3 22.9 17.5 12.6 21.7 
29 7498 
Grand 
National TSP 27.4 43.2 41.7               
30 8237 Kirkman 
Non 
TSP 33.2 43.4 32.5               
31 9346           16 11.1 9 9.1 17.7 12.7 22.8 
32 9979 Universal TSP 47.4 23.4 40.7               
33 10243           17 11.6 11.3 11.2 17.2 12.3 22.8 
    Total Corridor TSP 91 84 106               
    
Total Corridor Non-
TSP 70 74 62               
    Total Corridor 161 157 168 
Total 






8.1.1 Eastbound Direction 
 
The average red signal delay was reduced by 4.7 seconds, or 7.6%, with the 
Unconditional TSP at the TSP equipped signals, and by 4.2 seconds, or 6.8%, with the 
Conditional TSP at the TSP equipped signals.   During Unconditional TSP, the average red delay 
was reduced at four of the five TSP signals and during Conditional TSP, the average delay was 
reduced at two of the five signals.  Some issues were encountered during the Conditional TSP 
scenario with signal communications and will be discussed further in the following sections.  
Agin is should be noted that the intent of TSP is not only to reduce delay, but to also keep the 
bus on schedule. 
In Table 3, Conditional TSP was higher for red signal delay than No TSP and 
Unconditional TSP at Universal Boulevard.  A review of the Conditional TSP confirmation logs 
in Table 5 found that Conditional TSP activation was low for this location. It may have caused a 
higher delay as signal operations that would have remained in a normal modal spilt under No 
TSP or if activated by Unconditional TSP, provided preferential time to I-Drive and not to 
Universal.  Kirkman Road had experienced lower red signal delay with Conditional TSP than No 
TSP and Unconditional TSP. This is important to a high volume intersection like Kirkman.  At 
Grand National, Conditional TSP was lower than Unconditional TSP but slightly higher than No 
TSP.  At this location Conditional TSP was only slightly beneficial.   Even though the red signal 
delay values at Municipal were low, Conditional TSP was higher than No TSP and 
Unconditional TSP.  Overall impact for delay is low at this lower volume intersection.  At Del 





 Overall Conditional TSP was slightly higher in average red signal delay at 57.6 seconds 
than Unconditional TSP at 57.1 seconds but much better than No TSP at 61.8 seconds. 
 In Table 3 the eastbound average passenger delay under Conditional TSP was more than 
No TSP and Unconditional TSP at Bus Stop 1. It was actually lower than No TSP for bus stop 2 
and 3. From Bus Stop 4 through 8, average passenger delay was lower than No TSP and 
Unconditional TSP even while passenger on board increased from 45 (stop 4) to a high of 45 
(stop 7).  This is a positive result showing that even when there was an increase in passengers on 
board from Bus Stop 4 to 8 the passenger delay actually decreased instead of increasing.   
 Overall in the eastbound corridor, the average passenger delay was lower for Conditional 
TSP at 96 seconds than No TSP at 126 seconds and lower than Unconditional TSP at 99 seconds. 
This occurred even though the average passenger on board during the Conditional TSP scenario 
was higher than No TSP and Unconditional TSP. 
8.1.2 Westbound Direction 
 
The average signal delay was reduced by 7 seconds or 7.7%, with the Unconditional TSP 
at the TSP signals but was increased by 15.2 seconds or 16.7% with Conditional TSP 3 minutes 
behind at the TSP signals.  For both Unconditional and Conditional TSP, the average signal 
delay was reduced at three of the five TSP signals.  The average passenger delay for the entire 
corridor was lower for both Unconditional and Conditional TSP. 
In Table 4, Fun Spot Way average red signal delay was higher at Conditional TSP than 
Unconditional TSP and No TSP. As mentioned under eastbound delay analysis above, TSP at 





and Unconditional TSP phases had lower red signal delay (zero seconds) compared to No TSP.  
At Municipal, Conditional TSP was lower than No TSP but higher than Unconditional TSP.  
Again a review of the Unconditional logs found there was some activation during Unconditional 
TSP but there were none during the Conditional TSP scenario.  Even though the signal was 
receiving preemption calls during Conditional times for emergency services, the Conditional 
TSP was not being called so it is difficult to discern the differences between Unconditional TSP 
and Conditional red signal delay for this particular signal.  At Grand National both average red 
signal delay for Conditional and Unconditional TSP were higher than No TSP.  The confirmation 
logs indicated both TSP activation occurred but at low rates (mostly around one third of the 
time).  The cause of increased red signal delay could be the result of increased westbound 
volumes as the Grand National signal is less than 675 feet from Kirkman.  
 At the high volume Kirkman intersection, the red signal delay for the Conditional 
TSP was lower than both No TSP and Unconditional.  The Universal intersection was higher 
with Conditional TSP than Unconditional TSP but lower than No TSP. 
 Overall the Conditional TSP (106 seconds) for westbound for average red signal delay 
was higher than both No TSP (91 seconds) and Unconditional TSP (at 84 seconds).  Several 
factors may have caused this anomaly such as Conditional TSP communication issues at several 
intersections and increased traffic volumes.  Other outside factors could have caused this 
including weather 
In Table 4 the westbound average passenger delay under Conditional was less than No 
TSP and Unconditional TSP at Bus Stop 13 and higher than No TSP for bus stop 14 and higher 
than Unconditional TSP. At these two stops, the average passengers on board were increasing.  





TSP. At Kirkman Road the Conditional TSP average passenger delay was slightly higher than 
Unconditional TSP but lower than No TSP as the average passengers on board. This is a very 
positive result as passengers on board increased the passenger delay decreased from the upstream 
bus stops.  Universal was lower in Conditional TSP than the No TSP and Unconditional TSP as 
average passengers on board increased. 
 Overall the average passenger delay for Conditional TSP (85 seconds) was lower than No 
TSP (105 seconds) and Unconditional TSP (88 seconds).  This is a positive time savings for the 
passengers. 
8.2 Unconditional TSP Confirmation 
 
As a short reminder, preemption interrupts the normal signal cycle like emergency or 
railroad while priority modifies the signal operation.  In essence, when preemption is called the 
signal must accept the command while in the priority mode the signal does not need to accept the 
command.  Preemption confirmation logs were recorded by the City of Orlando TMC.  These 
logs were reviewed to verify that the Unconditional TSP was operational, as well as when the 
TSP equipped signals were called during the Unconditional TSP scenario.  During this scenario, 
the traffic signals were called any time the bus was approaching the equipped signal, even if the 
bus was not behind schedule.  Bus data was collected for the Unconditional TSP on May 6, 7, 
and 8, 2013.  The preemption logs for these dates, as well as other dates when the Unconditional 
TSP was active, are shown in Table 5.   
The preemption logs contain all calls to the traffic signal controller; these calls include 





midnight each day.  For each day, the number of TSP calls for each intersection was divided by 
the total number of preemption calls to obtain a percentage.  It is important to note that if the 
signal is in a green phase when the bus approaches, the TSP is not called.  The table shows that 
the pedestrian signal at the Sheraton had the highest percentage of unconditional TSP calls.  Del 
Verde was the TSP signal with the most Unconditional TSP calls and Universal Boulevard had 
the least calls. The total number in denominator is for the preemption calls either for TSP plus 
emergency calls. There are codes in the logs from the City that tell you for what type of 
call.  The percentage was the TSP bus calls and divide by the total to get a percentage.  This was 
done in an effort to at least show that the signal was working in some form for priority. However 
there were some issues with the TSP call since many showed 0 values. 
  
In May 2014, it was discovered by the City of Orlando staff after reviewing additional 
requested preemption logs that Fun Spot Way stopped recording low priority preemptions (or 
TSP activations) in early May 2013.  This issue was attributed to possible communication failure 

















Way 14/14 100.00% 15/17 88.24% 17/17 100.00% 4/4 100.00% 
Del Verde 
Way No Data N/A No Data N/A No Data N/A No Data N/A 
Ped Signal No Data N/A No Data N/A No Data N/A No Data N/A 
Municipal No Data N/A No Data N/A No Data N/A No Data N/A 
Grand 
National No Data N/A No Data N/A No Data N/A No Data N/A 
Kirkman 0/3 0.00% 0/10 0.00% 0/2 0.00% 0/3 0.00% 
Universal No Data N/A No Data N/A No Data N/A No Data N/A 











Way No Data N/A 10/10 100.00% 4/7 57.14% 0/4 0.00% 
Del Verde 
Way No Data N/A 19/38 50.00% 13/25 52.00% 24/46 52.17% 
Ped Signal No Data N/A 21/22 95.45% 10/10 100.00% 17/22 77.27% 
Municipal No Data N/A 0/13 0.00% 0/13 0.00% 0/24 0.00% 
Grand 
National No Data N/A 0/14 0.00% 0/11 0.00% 0/26 0.00% 
Kirkman 0/10 0.00% 0/3 0.00% 0/8 0.00% 0/13 0.00% 


















Way 0/1 0.00% No Data N/A No Data N/A No Data N/A 
Del Verde 
Way 12/25 48.00% 16/27 59.26% 5/7 71.43% 5/10 50.00% 
Ped Signal 15/16 93.75% 12/12 100.00% 3/3 100.00% 5/7 71.43% 
Municipal 16/16 100.00% 0/23 0.00% 0/5 0.00% 0/11 0.00% 
Grand 
National 0/19 0.00% 12/35 34.29% 3/9 33.33% 5/18 27.78% 
Kirkman 0/5 0.00% 0/3 0.00% No Data N/A 0/13 0.00% 
Universal 22/24 91.67% 10/46 21.74% 3/9 33.33% 0/22 0.00% 








    
 
Fun Spot 
Way 0/1 0.00% 0/2 0.00% 
    Del Verde 
Way 2/2 100.00% 4/5 80.00% 
    
Ped Signal No Data N/A 1/1 100.00% 
    
Municipal 0/1 0.00% 0/4 0.00% 
    Grand 
National 3/9 33.33% 1/4 25.00% 
    
Kirkman No Data N/A No Data N/A 
    
Universal 0/2 0.00% 0/6 0.00% 





8.3 Conditional TSP Confirmation 
 
Preemption call log confirmations collected by the Orlando TMC were reviewed to verify 
that the Conditional TSP was operational and to see when the TSP equipped signals were called 
during the Conditional TSP scenario.  During this scenario, the traffic signals were called only if 
the bus was three minutes or more behind schedule.  Bus data was collected for the Conditional 
TSP on June 6, 12, and 13, 2013; August 27 and 29, 2013; and September 4, 9, and 10, 2013.  
The preemption logs for these dates, as well as other dates when the Conditional TSP was active, 
are shown in Table 6.  For each day, the number of TSP calls for each intersection was divided 
by the total number of preemption calls to obtain a percentage.  The Del Verde signal received 
the most Conditional TSP calls while the signal at Universal Boulevard received the least, except 
for the signal at Fun Spot Way, which had limited data in the preemption logs and did not 
receive any TSP requests due to the communication issue the signal developed in May 2013. 
8.4 Summary of TSP Confirmation 
 
The days of field data collection are indicated by star in Table 4 (Unconditional TSP 
confirmation of preemption logs) and Table 5 (Conditional TSP confirmation of preemption 
logs).  Even though Kirkman was a Non TSP signal, Conditional TSP had experienced lower red 
signal delay than No TSP and Unconditional TSP which is important for a high volume 
intersection like Kirkman.  At Grand National, Conditional TSP was lower than Unconditional 
but both Conditional and Unconditional TSP were slightly higher than No TSP.  At this location 





data collection during Unconditional TSP at this signal.  Table 5 shows that TSP activation was 
low on the days of data collection.   
Even though the red signal delay values at Municipal were low, Conditional TSP was 
higher than No TSP and Unconditional TSP.  Tables 4 and 5 explain the reason for this counter 
intuitive result as TSP never activated at this signal during both Unconditional and Conditional 
TSP phases at this particular signal.  At Del Verde and Fun Spot Way, Conditional TSP was 
lower than No TSP and Unconditional TSP.  By checking Tables 4 and 5, the reason for this 
expected result is obvious; TSP activation was highest for these two signals during data 
collection in the Unconditional TSP phase, and was highest for Del Verde signal only during the 
Conditional TSP phase.  The preemption logs in these two tables indicate that TSP was activated 
at Fun Spot signal during the Unconditional phase but not during the Conditional phase due to 
communication problems after June 5, 2013, which caused TSP to be inconsistent to non-existent 
for TSP calls.    
As noted above, the preemption logs showed that the TSP did not work consistently at all 
of the TSP signals for both Unconditional and Conditional TSP.  This led the team to review the 
difficulties encountered during field data collection and the need for other methods for 
evaluation, specifically micro-simulation (VISSIM).  Unpredictable real world situations 
supported the conclusion that micro-simulation would be a more appropriate method for TSP 

















Fun Spot Way 0/1 0.00% No Data N/A 0/2 0.00% 0/1 0.00% 
Del Verde 
Way 9/20 45.00% 2/3 66.67% 2/5 40.00% 3/5 60.00% 
Ped Signal 10/11 90.91% 2/2 100.00% 1/1 100.00% 2/2 100.00% 
Municipal 0/9 0.00% 0/5 0.00% 0/3 0.00% 0/3 0.00% 
Grand 
National 9/20 45.00% 1/5 20.00% 1/4 25.00% 2/5 40.00% 
Kirkman No Data N/A No Data N/A No Data N/A No Data N/A 
Universal 0/24 0.00% 0/6 0.00% 0/7 0.00% 0/6 0.00% 










Fun Spot Way No Data N/A No Data N/A No Data N/A 0/4 0.00% 
Del Verde 
Way 8/13 61.54% 1/1 100.00% 6/11 54.55% 7/12 58.33% 
Ped Signal 6/8 75.00% No Data N/A 4/4 100.00% 3/3 100.00% 
Municipal 0/9 0.00% No Data N/A 0/5 0.00% 0/13 0.00% 
Grand 
National 6/17 35.29% 0/2 0.00% 4/9 44.44% 3/20 15.00% 
Kirkman No Data N/A No Data N/A No Data N/A No Data N/A 



















Way No Data N/A No Data N/A No Data N/A 0/2 0.00% 
Del Verde 
Way 11/16 68.75% 4/7 57.14% 1/3 33.33% 6/14 42.86% 
Ped Signal 5/7 71.43% 2/4 50.00% 2/3 66.67% 8/10 80.00% 
Municipal 0/13 0.00% 0/9 0.00% 0/5 0.00% 0/11 0.00% 
Grand 
National 5/23 21.74% 3/10 30.00% 2/6 33.33% 7/21 33.33% 
Kirkman No Data N/A No Data N/A No Data N/A No Data N/A 
Universal 4/35 11.43% 4/16 25.00% 5/11 45.45% 5/25 20.00% 








  Fun Spot 
Way No Data N/A 0/4 0.00% No Data N/A 
  Del Verde 
Way 1/3 33.33% 1/4 25.00% 0/1 0.00% 
  Ped Signal 1/2 50.00% 2/2 100.00% 1/2 50.00% 
  Municipal 0/1 0.00% 0/2 0.00% 0/1 0.00% 
  Grand 
National 1/3 33.33% 2/3 66.67% 1/3 33.33% 
  Kirkman No Data N/A No Data N/A No Data N/A 
  Universal 0 0.00% 0/6 0.00% 0/3 0.00% 





8.5 Bus Route Trajectories 
 
In order to better understand how the TSP affected bus travel, bus route trajectories 
(Time Space Diagrams) were drawn using the average bus speed and average signal and stop 
delays.  The graph’s vertical axis shows the time delay either from the signal delay (sec) or from 
passenger delay (sec) and the horizontal axis is for the distance in feet. At a particular distance 
from the zero starting point in the charts (shown in Figures 22 and 23), it may show a particular 
time value for signal delay and then another time value above it shown as a vertical line.  The 
difference between these two time values indicates the delay at that location in seconds. 
 The average bus speed was then calculated by subtracting the total delay from the 
average route duration (to obtain the time not stopped) and then dividing the corridor distance by 
this result for each TSP scenario in each direction with the data shown in Tables 7 and 8. As an 
example, for eastbound No-TSP, the total delay is 305.5 seconds and the average route duration 
is 748.3 seconds, with a corridor distance of 10,190 feet, so the calculation for average bus speed 
is 10,190 feet / (748.3 seconds – 305.5 seconds), which equals 10,190 feet / 442.8 seconds, or an 
average speed of 23 feet per second (FPS).  The following speeds were obtained by this method 
(see figures 20 and 21 for speed in feet/ sec):  
Eastbound No-TSP =   23 FPS  
Eastbound Unconditional =  25 FPS  
Eastbound Conditional =  26 FPS  
Westbound No-TSP =  24 FPS  
Westbound Unconditional =  30 FPS  





As seen above and in Figure 21 the westbound Conditional TSP speed has higher speeds 
than westbound No TSP but it was lower than Unconditional TSP where the TSP is activated 
without regards to the schedule and could allow for a longer green cycle.  Factors including 
increased passenger loading westbound and increased volumes westbound reduced the 
westbound speeds.   
At the Municipal intersection on I-Drive westbound volumes were 10,993 VPD, while at 
the next signal west was Grand National at 9,483 VPD.  As you approach the major intersection 
of Kirkman Road westbound volumes increase to 14,687 VPD as additional volumes is from the 
north and south side of Grand National Drive.  Volumes in general on other I-Drive areas 
averaged around 10,000 VPD.  TSP may have been activated if the bus was 3 minutes or more 
behind schedule but the increased congestion may not have allowed progression through the next 
intersection.  As noted Grand National intersection is 675 feet east of the Kirkman Road signal 
and can be influenced by delays from Kirkman.  This in turn can propagate through the 
westbound direction. 
The average trajectories for No-TSP, Unconditional TSP and Conditional TSP are shown 
in Figures 22 and 23 for the eastbound and westbound directions, respectively.  The eastbound 
route is 10,190 feet long, with the TSP signals concentrated in the corridor segment from 0 feet 
to 5,755 feet with Universal as the zero point reference.  This includes two non TSP signals as 
this is the route data was collected.  The westbound route is 10,243 feet long, with the TSP 






Figure 20: Eastbound speeds (ft/sec) 
 















No TSP  Unconditional  Conditional












No TSP Unconditional Conditional














0 0.0 0.0 0.0 
0 12.0 11.4 13.6 
22 13.0 12.3 14.4 
22 27.6 26.3 32.3 
770 60.1 56.6 60.7 
770 83.2 70.2 78.6 
1716 124.3 108.6 114.5 
1716 162.0 140.6 148.3 
2529 197.3 173.6 179.1 
2529 229.7 207.9 215.9 
2783 240.7 218.2 225.5 
2783 259.4 233.3 246.9 
3810 304.0 274.9 285.8 
3810 307.7 274.9 290.6 
4014 316.6 283.2 298.4 
4014 327.9 293.9 304.7 
4533 350.4 314.9 324.4 
4533 351.4 315.7 324.4 
5096 375.9 338.6 345.8 
5096 377.2 340.1 345.8 
5755 405.9 366.8 370.8 
5755 416.0 374.8 377.7 
5966 425.2 383.4 385.7 
5966 431.0 390.7 388.3 
6494 453.9 412.1 408.3 
6494 498.4 432.5 477.6 
6758 509.9 443.2 487.6 
6758 519.5 453.8 499.7 
9240 627.3 554.5 593.9 
9240 653.5 569.6 612.3 
9821 678.8 593.1 634.4 
9821 714.1 624.0 666.0 
10190 730.2 639.0 680.1 















0 0.0 0.0 0.0 
0 14.7 11.7 14.8 
304 27.3 22.0 25.8 
304 49.3 46.3 45.5 
1020 79.1 70.6 71.7 
1020 105.3 86.4 86.3 
3408 204.8 167.3 173.4 
3408 213.0 171.3 177.3 
3692 224.8 180.9 187.7 
3692 239.8 186.7 204.4 
4295 264.9 207.2 226.3 
4295 271.6 212.4 232.0 
4397 275.8 215.8 235.7 
4397 284.1 232.9 253.3 
5597 334.1 273.6 297.0 
5597 335.9 273.6 297.2 
6230 362.2 295.1 320.3 
6230 368.0 295.1 328.2 
6389 374.6 300.5 334.0 
6389 380.8 309.6 343.5 
7445 424.8 345.4 382.0 
7445 445.7 367.7 400.6 
7498 447.9 369.5 402.5 
7498 475.3 412.7 448.3 
8237 506.1 437.7 475.2 
8237 539.2 481.1 513.3 
9346 585.4 518.7 553.8 
9346 596.5 527.7 566.6 
9979 622.9 549.2 589.7 
9979 670.3 572.6 625.1 
10243 681.3 581.5 634.7 







The eastbound bus route trajectories show that Unconditional TSP reduced average travel 
time through the TSP segment by 41.2 seconds, or 9.9%, compared to No-TSP, and Conditional 
TSP reduced the travel time through this same corridor segment by 56.9 seconds, or 13.7%.  The 
westbound bus route trajectories show that Unconditional TSP reduced travel time through the 
TSP corridor segment by 38.6 seconds, or 9.7%, compared to No-TSP, and Conditional TSP 
reduced the travel time through this same corridor segment by 0.9 seconds, or 0.2%.  (See 









































Cumulative Distance in Feet 















































Cumulative Distance in Feet 







8.6 Statistical Analysis 
 
In an effort to review the bus data collected, time series plots were utilized to determine if 
any information could be discovered.  The plots for time stopped at signal eastbound are shown 
in Figures 24 through 26 for No TSP, Unconditional TSP and Conditional TSP for data runs and 
location. There was no specific trend to be modeled in the time series based on these plots.    
These were used for the six signal locations under analysis and were Universal (No.1), Kirkman 
(No.2), Grand National (No.3), Municipal (No.4), Del Verde (No. 5) and Fun Spot (No.6).  The 
plots include the number of data runs each day of data collection with the data collected for each 
TSP scenario of up to 4 runs in one direction each day 
 
 





























03-07-13 No TSP 
TIME DELAY (T) -
Run 1
TIME DELAY (T) -
Run 2
TIME DELAY (T) -
Run 3






Figure 25: Time series plots for time stopped at signal –signal location per run for 
Unconditional TSP 
 
Figure 26: Time series plots for time stopped at signal –signal location per run for 
Conditional TSP 
The bar plots shown in figures 27 and 28 are time delay mean per signal data run at 
Universal Boulevard and Kirkman Road.  Indications show that the time delay is dependent on 
both signal location and run.  The data runs for the bus data occurred between 3:00 PM to 7:00 
PM.  As mid PM peak occurred (5:00 PM to 6:00 PM) traffic volumes increased as well as 




























05-06-13 Unconditional TSP 
TIME DELAY (T) -
Run 1
TIME DELAY (T) -
Run 2
TIME DELAY (T) -
Run 3































06-03-13 Conditional TSP 
TIME DELAY (T) -
Run 1
TIME DELAY (T) -
Run 2
TIME DELAY (T) -
Run 3





with run number 3 for No TSP was shown as high delay but it then was lower during the same 
run at the Universal location (see  figure 27) under Conditional TSP which is higher.  This may 
indicate that there is interaction between signal location and run (in model). 
 
Figure 27: Time delay means –runs for Universal Boulevard 
 
Figure 28: Time delay mean- run for Kirkman Road 
In an effort to further validate the bus data collected and determine if either 
Unconditional TSP or Conditional TSP was a better improvement than No TSP the General 




























































the delay but to determine which was better in comparing No TSP with Unconditional TSP and 
Conditional TSP. As such the normal use of the R
2
 to determine the strength of the model was 
not used (shown as information only) since GLM was not predicting any delay but only used as a 
comparison for the different TSP scenarios. The east and westbound time stopped at signal and 
total delay were evaluated by using the GLM method.   
The data was prepared using Microsoft Excel for the bus data collected including both the 
time stopped at signal and total delay (seconds).  Data preparation included placing the run 
number for each signal into one column. So for example you had run number 1 for all six signals 
for the same day and then run 2 for the same day for all six signals with up to four (4) runs per 
signal.  Runs are defined as the number of data runs each day of data collection.  Runs were 
performed in each direction and in general there were four runs between 4:00 PM to 7:00 PM.   
This information was then copied to the MINITAB program along with time data (in 
seconds) for both east and westbound time stopped at signal and total delay times and analyzed 
in GLM with interaction terms including location and run (for time waiting for signal only).  
Data was then analyzed to perform comparisons of Unconditional TSP with the control scenario 
(No TSP) and Conditional TSP with the control scenario (No TSP).  This was to determine if 
Unconditional and Conditional TSP were more effective in reducing bus travel times and provide 
a better adherence to bus schedules.  As will be shown in a later section the use of the No TSP 
scenario has detrimental effects to bus travel times and a lower schedule adherence.   
Analysis performed involved the review of p-values.  The residual values were also 
reviewed and if a residual value was found to be an extreme value it will be removed. The 




α = 0.05.  However if the p-value is greater than α = 0.05 then it is considered insignificant and 
will be removed from the model.   
8.6.1 Transformation of data 
 
Several iterations of data analysis using MINITAB found that the data points were 
scattered on the probability plot and required normalization.  Standard transformation methods 
were considered including square root, reciprocal and ln. The ln could not be initially used since 
the data collected contained zero (0) time values (seconds) in the data so the value of one (1) was 
added to each time value in EXCEL.    It was then transferred to the MINTAB program.  Terms 
utilized in the analysis for Time Stopped at Signal were Signal Number, Runs, Condition and the 
interaction term of condition*run.  For Total Delay terms utilized in the analysis were Signal 
Number, Runs, and Condition.  No interaction terms were used since this was only to determine 
which condition was significant.  After the initial run for Time Stopped at Signal and Total 
Delay, the residuals that were found as extreme were removed and the model rerun. 
The plots for east and westbound time stopped at signal and east and westbound total 
delay are shown in Figures 29 through 32.  Even though not needed, the R
2 
results for all four 



















Figure 30: Residual plots for time stopped at signal (in seconds) westbound 
 













Figure 32: Residual plot for total delay (in seconds) westbound 
8.6.2 Analysis for Time Stopped at Signal Eastbound 
 
The exploratory graphical analysis of time stopped at red signal eastbound reveals 
possible interaction between run and signal number. The generalized linear model analysis of 
this time stopped confirms that this interaction is statistically significant (p-value < 0.05).  The 
three conditions (No TSP, Unconditional TSP and Conditional TSP) are then compared under the 
model that controls for run, signal number and their interactions.  The mean time stopped times 
are not significantly different for the three conditions (F = 2.01, p-value = 0.136). The analysis is 








8.6.3 Analysis for Time Stopped at Signal Westbound 
 
The exploratory graphical analysis of time stopped at red signal westbound reveals 
possible interaction between run and signal number. The generalized linear model analysis of 
this time stopped confirms that this interaction is statistically significant (p-value < 0.05).  The 
three conditions are then compared under the model that controls for run, signal number and their 
interactions.  The mean times stopped are not significantly different for three conditions (F = 
2.87, p-value = 0.06). The analysis is carried out after deleting the ten extreme outliers. (See 
Figure 30) 
8.6.4 Analysis for Total Delay Eastbound 
 
The exploratory graphical analysis of eastbound total delay time reveals possible 
interaction between run and signal number. However there was no interaction terms used in this 
model as it was only to check on the comparison of the three conditions.  The three conditions 
are then compared under the model that controls for run, signal number and their interactions.  
The mean total delay times are not significantly different for three conditions (F = 0.61, p-value 
= 0.546). The analysis is carried out after the deleting the extreme outliers. (See Figure 31) 
8.6.5 Analysis for Total Delay Westbound 
 
The exploratory graphical analysis of westbound total delay time reveals possible 
interaction between run and signal number. However, there was no interaction terms used in this 
model as it was only to check on the comparison of the three conditions.  The three conditions 
are then compared under the model that controls for run, signal number and their interactions.  
The mean total delay times are not significantly different for three conditions (F = 0.91, p-value 










Time stopped at signal (EB) 0.5269 
Time stopped at signal (WB) 0.5150 
Total delay (EB) 0.5409 
Total delay (WB) 0.5970 
8.7 Summary of Data Exploration  
 
The focus of this research was to determine whether TSP improved bus travel time and 
schedule adherence in the TSP corridor by analyzing route durations and delay times.  Both 
Unconditional and Conditional TSP were evaluated as the Unconditional TSP always provides 
signal priority for the bus, whereas the Conditional TSP will only provide priority when the bus 
is behind schedule by three or more minutes, thereby reducing the chance of the bus reaching a 
stop too early.  
Using Data Exploration in Chapter 8 for Unconditional TSP, four of the five TSP signals 
experienced an average delay reduction in the eastbound direction, and three of the signals 
experienced an average delay reduction in the westbound direction.  During Conditional TSP, 
two of the TSP signals experienced an average delay reduction in the eastbound direction, and 
three of the signals experienced an average delay reduction in the westbound direction. 
The analysis of the route durations showed that there was a reduction in the average of 
the route duration for both Unconditional and Conditional TSP compared to No-TSP for both 
directions.  For the eastbound direction, there was a 12.8% reduction in average route duration 
during Unconditional TSP, and a 12.0% reduction during Conditional TSP.  For the westbound 
direction, there was a 13.9% reduction in average route duration during Unconditional TSP, and 




Bus route trajectories based on the average speed through the corridor showed that both 
Unconditional and Conditional TSP reduced the average travel time through the segment of the 
corridor where the TSP signals were concentrated.  The eastbound direction experienced a 9.9% 
travel time reduction during the Unconditional TSP and a 13.7% travel time reduction during 
Conditional TSP through this corridor segment compared to No-TSP.  For the same corridor 
segment, the westbound direction experienced a 9.7% travel time reduction during Unconditional 
TSP and a 0.2% travel time reduction during Conditional TSP compared to No-TSP. 
Unconditional TSP was effective in reducing signal delay and the travel time durations in 
both the east and westbound directions for the I-Drive corridor.  The conditional TSP was 
effective in the eastbound direction for reducing signal delay and travel time duration, but not in 
the westbound direction.  Additionally, variations in travel times reduced for both TSP scenarios 
and the very high travel times experienced by buses with No-TSP were reduced for both TSP 
scenarios in both directions. 
One issue that was encountered in the westbound direction was that the signal at Grand 
National which is only about 675 feet away from the signal at Kirkman.  This close proximity 
causes the Grand National signal to be clearly affected by westbound traffic congestion at 
Kirkman.  Other signals along the corridor are spaced further apart.  For example, the separation 
between the signals at Grand National and Municipal Drive intersections is 1260 feet.  This 
distance, nearly ¼ of a mile, is the minimum separation distance that the City of Orlando uses 
between most traffic signals.  This minimum distance is used because signals that are placed 
closer than ¼ mile can influence each other by increasing delays as the upstream signal turns 





The statistical analysis showed that it could not be stated with certainty that there was a 
significant discernable difference between the No TSP and the Unconditional TSP scenarios, as 
well as between the No TSP and the Conditional TSP scenarios.  One contributing factor to this 
result might have been the low number of sample sizes (31 data points for No TSP, 10 for 
Unconditional and 11 for Conditional).  The inconsistencies in some of the results might also be 
due to the difficulty in having a fully controlled real world experiment.  Additionally, the 
multiple data points collected with zero values even after transformation may have affected the 
results from the statistical analysis. 
Even after several methods were attempted, the inability to be able to determine with 
statistical analysis that there was a difference between the TSP scenarios led to the use of micro-
simulation to determine if Conditional TSP was beneficial to the transit system.  Therefore, to 
enhance this field data analysis, micro-simulation was used to evaluate the four TSP scenario.  




CHAPTER NINE: MODELING (MICRO-SIMULATION) VISSIM 
 
VISSIM is a microscopic, time step and behavior based simulation model that can be 
used to model traffic including transit operations.  In this research it was used to model different 
TSP scenarios related to transit operations and its effect on signal operations at the TSP 
intersections on I-Drive.  Only six of the seven intersections were modeled.  As noted in previous 
sections the pedestrian signal rarely affected operations of I-Drive and is not modeled. 
Modeling will include two different times for the bus behind schedule.  The TSP protocol 
developed was for the bus being behind schedule is three minute or more. This time was selected 
by LYNX.  However, the industry standard is five minute behind schedule (Kloos, 2002) so 
these two time intervals were analyzed at 3 and 5 minutes behind schedule. 
9.1 Scope of Modeling 
 
A sample of the VISSIM model developed using the available data is shown in Figure 33. 
Several scenarios will be developed utilizing the data collected, other necessary inputs such as 
roadway geometry, information from the City of Orlando and bus travel times from the Kittleson 
study [26] were used to optimize the schedule time for buses running behind schedule.  Other 
modeling included the development of models to determine the average speed profile, the 
average travel times, and turning movement counts at all signalized intersections and arterial 





Figure 33: Kirkman and I-Drive intersection (a major intersection) coded in VISSIM 
9.2 Calibration and Validation 
 
The Before-TSP VISSIM Model was developed for the PM peak period (3:00PM – 7:00 
PM) on I-Drive.  First it was necessary to determine the minimum number of VISSIM runs 
necessary. Through literature research, the formula used was from the California Department of 
Transportation (CALTRANS, 2002) (37). The minimum number of runs required for a 95% 
confidence interval was found to be equal to N = 55 runs.  Initially 10 runs were performed as a 
test to see how many actual runs were needed based on the N equation below. The average 
(mean) of travel times and standard deviation was performed for these (10) runs. 
 
 




Where the input variables are: 
 
N = the minimum required number of runs, 







S = standard deviation, 
R = 95% confidence interval for the true mean. 
** The number of runs (N = 10) was used as a start to calculate later for the required (N) using 
the mean travel time (389.71 sec), S (12.32), t0.025, N-1 (2.3), and R (7.64) from those initial 10 
runs.. 
 
The calibration process (for the Before-TSP VISSIM Model) was performed for the 
turning movement counts at all signalized intersections in the corridor.  Figure 34 below shows 
the turning movement traffic volumes comparison between the “Before-TSP” VISSIM model 
and the “observed” field data for the four hour period (3:00PM – 7:00 PM).  The R
2
 was found to 




Figure 34: Turning movement counts: VISSIM versus field 
 
  




































Field Turning Movements (veh/hour) 




The acceptance criterion for the model as a whole was GEH < 5.0 of at least 75% of 
intersections turning volumes. The model had GEH < 5.0 for 88% (74 out of 88) for the turning 
movements of the TSP intersections in the corridor so calibration satisfied the GEH criterion. 
 
Modeled hourly flows compared with observed flows 
(Source: Wisconsin Department of Transportation 2013) [4] 
  
 
Where: M is the traffic volume from the traffic model (vehicles/hour) and C is the real 
 
world traffic count (vehicle/ hour) [4,31]. This is shown in figure 35. 
 
 
Figure 35: GEH results 
 
Average speed profile along the corridor was also tested and compared between “Before-TSP”  
 
VISSIM model (average of 57 model runs) and the average “observed” field data for the 4-hour  
 
time period (03:00 PM – 07:00 PM). See Figures 34 and 35, where the highest speed is at the Del 
Verde intersection both east and westbound.  As shown in figures 36 and 37, the VISSIM and 
GEH < 5 
88% 
GEH = 5 - 7 
5% 
GEH = 7 - 9 
7% 




GEH = 5 - 7





observed lines match very closely for the average speed profile for both east and westbound. 
GEH could not be used for speed calibration as it can only be used with volumes. 
 
 
Figure 36: Average speed profile along the corridor/ eastbound 
 
 

























































However, the average travel times from the field “observed” data were used to validate the 
VISSIM model results.  
 
Table 10 shows the average travel time comparison between the “Before-TSP” VISSIM  
model (average of 57 model runs) and the average “observed” collected field data for the  4-hour  
period (03:00PM– 07:00 PM).  The percentages show that the differences between the VISSIM 
model and the observed field data varied between for all vehicles eastbound of -3.3% and all 
vehicles westbound of -6.8%. Similarly for bus only eastbound it was +0.4% and bus only 
westbound of +6.1%. 
 
Table 10: Average travel times VISSIM versus field  
 
Travel time section 
VISSIM Field 
Difference 
Travel time (sec) Travel time (sec) 
1 All Veh - EB 391 404 -3.3% 
2 All Veh - WB 378 404 -6.8% 
3 Bus Only - EB 438 436 +0.4% 
4 Bus Only - WB 457 429 +6.1% 
  
 
9.3 Average Speed (ft/sec) 
 
The VISSIM model for average speed for all vehicles including buses is shown in Table 
11. Figure 38 shows the highest average speed for all vehicles was at Del Verde eastbound for all 
four TSP scenarios and are the highest of all intersections with the values of 41 ft/sec (No TSP), 
42 ft/sec (Unconditional TSP), 42 ft/sec (Conditional TSP at 3 minutes) and 42 ft/sec 




street calls from the west (398 VPD) so this signal remains green for a majority of time for the 
north-south movement. 
Table 11: Average speed (ft/sec) for all vehicles for No TSP, Un-Conditional TSP and 







Conditional TSP / 3 
Minutes Behind 
Conditional 
TSP/ 5 Minutes 
Behind 
Universal-EB 16 15 21 20 
Kirkman-EB 13 25 18 16 
Grand 
National-EB 
10 12 14 14 
Municipal-
EB 
29 31 34 35 
Del Verde-
EB 
41 42 42 42 
Fun Spot-EB 34 34 34 34 
Fun Spot-WB 17 17 14 14 
Del Verde-
WB 
40 35 42 40 
Municipal-
WB 
27 20 33 29 
Kirkman-WB 11 23 15 13 
Universal-
WB 
16 16 16 16 
 
BOLD: Highest average speed (ft/sec) for each TSP scenario 




No TSP      
 
     























































































































The lowest intersection for average speed was Grand National eastbound with the lowest average 
speed of 10 ft/sec, 12 ft/sec, 14ft/sec and 14 ft/sec for all four scenarios.   
9.3.1 Average Speed (MPH) for the Corridor for All Vehicles and for Bus Only 
 
Table 12 and Figure 39 show the average speed for all vehicles and buses for eastbound 
and westbound for the entire corridor with unconditional TSP as the highest for all vehicles east 
and westbound and for buses east and westbound. Even though individual intersections may be a 
lower speed than in Conditional TSP than the other scenarios, the overall shown in Figure 12 
shows that it has higher average speed than No TSP. 






Conditional / 3 Minutes 
Behind 
Conditional / 5 
Minutes Behind 
All veh EB 16 21 19 17 
All Veh 
WB 
16 19 18 17 
Bus Only 
EB 
14 18 18 17 
Bus Only 
WB 
13 15 14 13 
 
BOLD: Highest average speed (ft/sec) for each row 





Figure 39: Average speed for the corridor (ft/sec) 
9.4 Average Travel Time (Seconds) 
 
The average travel time through the corridor for No TSP, Unconditional TSP, 
Conditional TSP (3 minutes behind) and Conditional TSP (5 minutes behind) is shown in Table 
13.  The No TSP scenario had the highest travel times with 391 seconds for all vehicles 
eastbound, 378 seconds for all vehicles westbound, 438 seconds for buses eastbound and 487 
seconds for vehicles westbound. As expected the unconditional TSP had the lowest average 
travel time for both directions and for all vehicles including busses than the other three scenarios.  
However, Unconditional TSP without any “restrictions” can be activated by buses or by 











































Table 13: Average travel time (in seconds) and % comparison for No TSP, Unconditional 








% Comp. to 
No TSP 
Cond. / 3 
Min. 









391 298 24% 334 15% 360 8% 
All veh/ 
WB 
378 320 15% 342 10% 360 5% 
Bus Only 
/ EB 
438 340 22% 351 20% 368 16% 
Bus Only 
/ WB 
487 416 15% 451 7% 461 5% 
 
BOLD: Highest travel time (seconds) in each row 
Underline: Lowest travel time (seconds) in each row 
 
A comparison of unconditional TSP, conditional TSP at 3 minutes behind schedule and 5 
minutes behind schedule were compared to No TSP in Table 13. For all vehicles eastbound 
travel time with unconditional TSP was 24% less than travel time for No TSP.  This is the same 
for all vehicles and buses under unconditional TSP which were lower than conditional 3 and 5 
minute behind schedule than No TSP.  The conditional TSP at 3 minutes was better than 5 
minutes conditional TSP for having lower travel time in seconds for all vehicles and buses in 
each direction. 
9.5 Average Total Delay for All Vehicles (Seconds) 
 
In Tables 14 (eastbound) and 15 (westbound) are the Average Total Delay per Vehicle 





9.5.1 Average Total Delay for All Vehicles (Seconds) Eastbound 
 
At Universal Boulevard the four scenarios were closely matched for average total delay 
per vehicle (eastbound) for the four TSP scenarios (see Table 14).  In general it was observed 
that eastbound traffic at Universal was generally unobstructed.  Many movements at this 
intersection are turning northbound (4,367 VPD) towards Universal Studios or a right-turn south 
on Universal Boulevard for the Wet ‘n’ Wild waterpark.   In Unconditional TSP for eastbound at 
Universal the average total delay was lowest of all six intersections compared to the other three 
TSP scenarios.  The highest delay was at Kirkman Road eastbound at 93 seconds for No TSP and 
74 seconds under conditional TSP (5 minutes behind schedule).  At Kirkman all four TSP 
scenarios for delay were highest at the intersection.  This is due to high volumes at a major 
intersection of Universal Boulevard and Kirkman Road. Del Verde was lowest intersection for 
average delay going eastbound.  As noted before the Del Verde signal has low side street 
volumes and the signal remains green for the majority of the cycle time.   
Both the average total delay for all vehicles at Grand National for conditional at 3 






Table 14: Average total delay per vehicle (in seconds) for No TSP,  
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (eastbound) 
 
Average Total 





Conditional / 3 
Minutes Behind 
Conditional / 5 
Minutes Behind 
EB EB EB EB 
Universal 
19.6 19.6 19.7 19.1 
Kirkman 
93.5 19.2 61.7 74.4 
Grand National 
23.8 9.8 29.6 23.8 
Municipal 
11.6 10.2 9.8 9.4 
Del Verde 
1.3 1.2 1.3 1.2 
Fun Spot Way 
6.8 6.4 6.8 6.4 
BOLD: Highest average total delay (sec) in each row 
Underline: Lowest average total delay (sec) in each row 
 
 
9.5.2 Average Total Delay for All Vehicles (Seconds) Westbound 
 
At Universal Boulevard total delay were closely matched for average total delay per 
vehicle (westbound) for the four TSP scenarios (see Table 15).  Many movements at this 
intersection are turning northbound towards Universal Studios.   The highest delay was Kirkman 
Road eastbound at 53 seconds for No TSP and 52 seconds under conditional TSP (5 minutes 
behind schedule).  At Kirkman three of four TSP scenarios for delay were highest at the 
intersection.   Del Verde was the lowest intersection for westbound.  As noted before that the Del 
Verde signal has low side street volumes and the signal remains green for the majority of the 
cycle time. 
Both the average total delay per all vehicles at Grand National for conditional at 3 




seconds. Grand National due to its close proximity to the Kirkman signal westbound is 
influenced by any delay at this signal.  As noted previously Kirkman rarely had TSP calls since 
the major street is Kirkman Road and the signal would provide more time on Kirkman than 
Universal.  This also occurs for the average total delay per all vehicles at Funs Spot Way for 
conditional at 3 minutes (9.2 seconds) and conditional at 5 minutes (9.4 seconds) are higher than 
the No TSP at 9.1 seconds. These anomalies will be further explored. 
 
Table 15: Average total delay vehicle (in seconds) for No TSP,  
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (Westbound) 
 
Average Total 





Conditional / 3 
Minutes Behind 
Conditional / 5 
Minutes Behind 
WB WB WB WB 
Universal 
23.4 23.1 22.5 23.7 
Kirkman 
53.1 12.8 43.8 51.6 
Grand National 
34.8 23.1 45.8 43.3 
Municipal 
8.8 13.5 7.4 8.6 
Del Verde 
4.5 9.3 2.9 4.4 
Fun Spot Way 
9.1 10.0 9.2 9.4 
BOLD: Highest average total delay (sec) in each row 





9.6 Average Number of Stops For All Vehicles 
 
In tables 16 (eastbound) and 17 (westbound) are the Average Total Stops per Vehicle for 





9.6.1 Average Number of Stops for All Vehicles Eastbound  
 
At Universal Boulevard the four scenarios were closely matched for average total stop 
per vehicle (eastbound) for the four TSP scenarios (see Table 16).  The highest number of stops 
per vehicle was Kirkman Road eastbound at 1.6 stops per vehicle for No TSP and 1.4 stops per 
vehicle under conditional TSP (5 minutes behind schedule).  At Kirkman three of four TSP 
scenarios for delay were highest at this intersection.   Del Verde was the lowest intersection for 
average stops eastbound.  As noted before that the Del Verde signal has low side street volumes 
and the signal remains green for the majority of the cycle time.  Fun Spot Way was also very low 
at less than 1 with 0.3 stops per vehicle.  
Both the average number of stops for all vehicles at Grand National for Conditional TSP 
at 3 minutes (0.7) and conditional at 5 minutes (0.6) are slightly higher than the No TSP at 0.5. 
Further analysis may be needed. 
Table 16: Average number of stops for all vehicles for No TSP, 
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (Eastbound) 
Average Number 





Conditional / 3 
Minutes Behind 
Conditional / 5 Minutes 
Behind 
EB EB EB EB 
Universal 0.7 0.7 0.7 0.7 
Kirkman 1.6 0.6 1.2 1.4 
Grand National 0.5 0.3 0.7 0.6 
Municipal 0.5 0.5 0.4 0.4 
Del Verde 0.0 0.0 0.0 0.0 
Fun Spot Way 0.3 0.3 0.3 0.3 
 
BOLD: Highest number of stops in each row 




9.6.2 Average Number of Stops for All Vehicles Westbound 
 
At Universal Boulevard the four scenarios were closely matched for average total stop 
per vehicle (westbound) for the four TSP scenarios (see Table 17).  The highest number of stops 
per vehicle was Kirkman Road westbound at .9 stops per vehicle for No TSP and .8 stops per 
vehicle under conditional TSP (5 minutes behind schedule).  At Kirkman three of four TSP 
scenarios for delay were highest at this intersection.   Del Verde was the lowest intersection for 
westbound with the highest value of 0.2 stops for Unconditional TSP.  As noted before the Del 
Verde signal has low side street volumes and the signal remains green for the majority of the 
cycle time.  Fun Spot Way was also very low at 0.44 (No TSP) to 0.47 (rounded to 5 for 
Unconditional) stops per vehicle.  Both the average number of stops for all vehicles at Grand 
National for conditional at 3 minutes (0.9) and conditional at 5 minutes (0.9) are higher than the 
No TSP at 0.7.  
The average number of stops in a network can indicate the level of traffic smoothness 
(Lin, 2014) [39].  Presumably fewer vehicles stopping on I-Drive will represent a smoother 
traffic flow and provide less risk of vehicle to vehicle crashes. 
Table 17: Average number of stops for all vehicles for No TSP,  
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (Westbound) 
 
Average Number of 




Conditional / 3 
Minutes Behind 
Conditional / 5 
Minutes Behind 
WB WB WB WB 
Universal 0.8 0.8 0.8 0.8 
Kirkman 0.9 0.4 0.7 0.8 
Grand National 0.7 0.6 0.9 0.9 
Municipal 0.4 0.5 0.3 0.4 
Del Verde 0.1 0.2 0.1 0.1 
Fun Spot Way 0.4 0.5 0.4 0.5 
BOLD: Highest number of stops in each row 




9.7 Average Queue Length (Feet) 
 
In Tables 18 (eastbound) and 19 (westbound) are the Average Queue Length in feet (ft) 
for six of the TSP signalized intersections.  
9.7.1 Average Queue Length for All Vehicles Eastbound  
 
At Universal Boulevard the four scenarios were closely matched for average queue length 
(eastbound) for the four TSP scenarios (see Table 18).  The highest queue length was Kirkman 
Road eastbound at 173 feet for No TSP and 133 feet under conditional TSP (5 minutes behind 
schedule).  At Kirkman all four TSP scenarios for queue length were highest at this intersection.   
Del Verde was the lowest intersection for eastbound.  Del Verde signal had the lowest queue 
lengths with 0.0 feet for the TSP conditional (3 minutes behind).  Fun Spot Way was next lowest 
in queue length of 5 feet for the four TSP scenarios. Both signals are minor signals. 
Table 18: Average queue length for No TSP,  
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (Eastbound) 
 
Eastbound: Average Queue 
Length (Ft) 





No TSP 34 173 49 8 1 5 
Unconditional TSP 34 77 24 8 0 5 
Conditional TSP 3 Min 31 111 55 6 0 5 
Conditional TSP5 Min 30 133 46 6 0 5 
 
BOLD: Highest average queue length (ft) at each intersection 
Underline: Lowest average queue length (ft) at each intersection 
 
The average queue length for all vehicles at Grand National eastbound for conditional at 3 






9.7.2 Average Queue Length for All Vehicles Westbound 
 
At Universal Boulevard the four scenarios were closely matched for average queue length 
(westbound) for the four TSP scenarios (see Table 19).  The highest queue length was Grand 
National westbound 100 feet under conditional TSP (5 minutes behind schedule) and at 88 feet 
for No TSP.  At the Grand National intersection this had the highest average queue length at this 
intersection for all four TSP scenarios. Again this is related to the close proximity to Kirkman 
Road.   Del Verde was the lowest intersection for westbound as noted previously that this signal 
rarely has side street calls.  Del Verde signal had the lowest queue length of 1 foot for the TSP 
unconditional.  Municipal Drive was next lowest in queue length at 13 feet, 8 feet, 9 feet and 11 
feet for the four TSP scenarios.  
  
Table 19: Average queue length for No TSP, 
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (Westbound) 
 
 
Westbound: Average Queue 
Length (Ft) 





No TSP 40 80 88 13 2 19 
Unconditional 41 26 41 8 1 21 
Conditional 3 Min 41 74 94 9 1 21 
Conditional 5 Min 41 79 100 11 2 20 
 
BOLD: Highest average queue length (ft) at each intersection 
Underline: Lowest average queue length (ft) at each intersection 
 
 
9.8 Maximum Queue Length (Feet) for All Vehicles 
In Tables 20 (eastbound) and 21 (westbound) shows the Maximum Queue Length in feet 





9.8.1 Maximum Queue Length for All Vehicles Eastbound 
At Universal Boulevard the four scenarios were closely matched for maximum queue 
length (eastbound) for the four TSP scenarios (see Table 20).  The highest queue length was 
Kirkman Road eastbound at 523 feet for No TSP and 425 feet under conditional TSP (5 minutes 
behind schedule).  At Kirkman three of four TSP scenarios for queue length were highest at this 
intersection.   Del Verde was the lowest intersection for eastbound.  Del Verde signal had the 
lowest maximum queue lengths with 56 feet for the TSP conditional (5 minutes behind). The 
next lowest intersection was at Fun Spot Way with maximum queue length at 119 feet for 
Unconditional TSP. 
 
Table 20: Maximum queue length for all vehicles for No TSP, Un-Conditional TSP 
and Conditional TSP 3 and 5 minutes behind (Eastbound) 
 
Eastbound: Max Queue 
Length (Ft) 





No TSP 278 523 257 142 61 135 
Unconditional 270 220 154 114 59 119 
Conditional 3 Min 212 355 253 135 67 137 
Conditional 5 Min 245 425 230 121 56 125 
BOLD: Highest maximum queue length (ft) at each intersection 
Underline: Lowest maximum queue length (ft) at each intersection 
 
 
The benefits of a lower maximum queue length at eastbound I-Drive at Kirkman Road 
are for all vehicles under both Conditional TSP scenarios of 3 and 5 minutes behind schedule.  
General traffic benefit when the TSP conditional is activated by a bus behind schedule by 
extending the green light on I-Drive or truncating the red.  The Conditional TSP at 3 minutes is 
less than the Conditional TSP for 5 minutes by nearly 70 feet but both are lower queue lengths 




9.8.2 Maximum Queue Length for All Vehicles Westbound 
 
At Universal Boulevard the four scenarios were closely matched for maximum queue 
length (westbound) for the four TSP scenarios (see Table 21).  The highest queue length was at 
Grand National westbound at 382 feet for Conditional TSP (3 minutes behind) and 367 feet 
under conditional TSP (5 minutes behind schedule). This intersection due to its close proximity 
to Kirkman Road (675 feet) is influenced by the higher westbound volumes approaching the 
Kirkman Road intersection.  Del Verde was the lowest intersection for westbound maximum 
queue length for three out of the four TSP scenarios (except for unconditional).  Del Verde signal 
had the lowest maximum queue lengths with 108 feet for the TSP conditional (5 minutes 
behind).  The next lowest intersection was at Kirkman with maximum queue length at 122 feet 
for Unconditional TSP. 
 
Table 21: Maximum queue length for all vehicles for No TSP,  
Un-Conditional TSP and Conditional TSP 3 and 5 minutes behind (Westbound) 
 
Westbound: Max Queue 
Length (Ft) 





No TSP 239 223 365 145 114 216 
Unconditional 215 122 236 114 128 216 
Conditional 3 Min 254 191 382 128 108 266 
Conditional 5 Min 238 212 367 128 110 236 
 
BOLD: Highest maximum queue length (ft) at each intersection 
Underline: Lowest maximum queue length (ft) at each intersection 
 
The benefits of a lower maximum queue length at westbound I-Drive at Kirkman Road 
are for all vehicles under both Conditional TSP scenarios of 3 and 5 minutes behind schedule.  
General traffic benefit when the TSP conditional is activated by a bus behind schedule by 




less than the Conditional TSP for 5 minutes by nearly 22 feet but both are lower queue lengths 
than the No TSP scenario.   
9.9 Crossing Street / Average Delay per Vehicle (in seconds) 
A concern of traffic engineers throughout the country is the effect of transit TSP on the 
operations of the crossing side street delays at TSP intersections when activated by either 
extending the green or truncating the red. Table 22 evaluated the four scenarios of No TSP, 
Unconditional TSP, Conditional TSP (3 minutes behind) and Conditional TSP (5 minutes 
behind) in VISSIM.  At Universal Boulevard northbound (towards Universal Studios) the 
crossing street delay was lowest at 19 (18.95 unrounded value) seconds with conditional TSP 
(with 5 minutes behind schedule) and slightly higher with No TSP with 19 (19.3 unrounded 
value) seconds.  The amount of side street delay per vehicle is shown in Table 22 for the four 
TSP scenarios. 
Excessive side street delays occurred at Grand National northbound and Kirkman north 
and southbound for Unconditional TSP, with delays of over 200 seconds.  Municipal southbound 
and Del Verde eastblound had very low delays (less than 10 seconds) for all four TSP scenarios.  
Unconditional TSP had the highest side street delay for eight roads and Conditional TSP 3 
minutes behind had the highest side street delay for three roads.  No TSP had the lowest side 
street delay for only two roads, Unconditional TSP had the lowest side street delay for one road, 
Conditional TSP 3 minutes behind had the lowest side street delay for seven roads, and 
Conditional TSP 5 minutes behind had the lowest side street delay for one road.   
In several cases, the delays of Conditional TSP were higher than No TSP and 
Unconditional TSP at Universal Boulevard north and southbound by 2 to 3 seconds.  Universal 




volumes for eastbound I-Drive (at Universal) are 10,012 vehicles per day (VPD) while the 
southbound direction on Universal is 6,721 VPD (see Table 2).  This may have contributed to 
higher side street delays as the major roadway is I-Drive and not Universal.  Similarly, I-Drive 
eastbound at Grand National has higher volumes of traffic (9,400 VPD) while the volumes 
approaching I-Drive from the south on Grand National is 2,300 VPD.  Again this may have 
affected the side street delay as I-Drive is the major street.  Overall Conditional TSP 3 minutes 
behind schedule is the most promising with the least impact on side streets especially at the high 
volume intersection of Kirkman Road in both directions.  
Kirkman Road had the cross street average delay of 216 seconds for northbound at the 
Unconditional TSP and 259 for southbound also with unconditional TSP.  As unconditional TSP 
is activated on Kirkman Road in either direction with no regard to schedule adherence, the few 
precious seconds are removed from the Kirkman movements.  Delays can build up quickly at this 
high volume intersection.  Under the No TSP scenario (42 seconds northbound and 41 seconds 
southbound)  and with conditional TSP, the cross street average delay per vehicle drops 
dramatically to 32 seconds for northbound (TSP 3 minutes behind) and 37 seconds for 
northbound (TSP 3 minutes behind).   
This model shows that with a conditional priority (3 or 5 minute behind schedule) that an 
average side street delay when TSP has been activated can be reduced and minimize disruption 
to the side street operations at Kirkman.  As noted Kirkman Road is the major north-south street 
with high volumes with over 28,500 VPD for northbound and 49,500 VPD southbound. 
The highest cross street average delay is at Grand National northbound at 480 seconds.  
High volumes of traffic are generated from the businesses south of I-Drive including a major 




day travel north from the south side of I-Drive. Garand National also has only a half cycle at 75 
seconds which could affect cross street delay. Municipal also experiences Golf Channel traffic. 
            The lowest cross street average delay is at Municipal Drive southbound with 1.2 seconds. 
In figure 40 shows graphically the data from Table 22 of the crossing-street/ average delay per 
vehicle.  This chart clearly indicates that at two intersections the average delay is quite high for 
the cross streets under the unconditional TSP scenario.  These are at Kirkman both north and 
southbound and at Grand National Drive both north and southbound. 
Table 22: Crossing street / average delay for all vehicles for (in seconds) for No TSP, Un-










Universal NB 27 27 29 27 
Universal SB 19 20 22 19 
Kirkman NB 42 216 32 39 
Kirkman SB 41 259 38 38 
Grand NB 89 480 130 91 
Grand SB 32 65 27 32 
Municipal NB 14 17 11 12 
Municipal SB 1 1 1 1 
Del-Verde EB 6 7 5 6 
Fun Spot EB 17 18 20 17 






Figure 40: Crossing street /average delay per vehicle in seconds  
9.10 Summary of VISSIM Models 
 
Since it is difficult to have a fully controlled experiment in the I-Drive transportation 
corridor studied, VISSIM modeling was performed to determine if it would provide better 
analysis of TSP operations in the No TSP, Unconditional TSP, and Conditional TSP scenarios. 
In addition, crossing street/average delay per vehicle (in seconds) was analyzed.  In the 
development of the VISSIM models, two behind schedule scenarios were developed for 
conditional TSP that included 3 minutes behind schedule and 5 minutes behind schedule.  The 5 
minute behind schedule was chosen as this is the industry standard for a bus behind schedule 
(Kloos, 2002). 
Average speeds were generally higher for the unconditional TSP.  In this research it 
utilized the three and five minute behind schedule as determined by the AVL system.  With this 
in mind, the 3 minute behind Conditional TSP was very effective in having good average speeds 
through the corridor.  The five minute behind schedule was just slightly lower speed than the 




































In the Average Travel Time, as expected the unconditional TSP was best for both east 
and west directions and for all vehicles including buses than the other three scenarios.  
Unconditional TSP without any “restrictions to schedule adherence” can be activated by buses 
and was found to cause increased side street delays. 
The Average Total Delay per Vehicle at Universal Boulevard showed that the four 
scenarios were closely matched for average total delay per vehicle (eastbound) for the four TSP 
scenarios.   In the Unconditional TSP for eastbound at Universal the average total delay was 
lowest at all six intersections compared to the other three TSP scenarios.   At Kirkman all four 
TSP scenarios for delay were highest at the intersection.  This is due to high volumes at a major 
intersection of I-Drive and Kirkman Road.  
The Average Number of Stops per Vehicle at Universal Boulevard showed the four TSP 
scenarios were closely matched for average total stop per vehicle (eastbound) for the four TSP  
scenarios in both the east and westbound directions.  The highest number of stops per vehicle 
was Kirkman Road eastbound. 
The Average Queue Length at Universal Boulevard for the four scenarios were closely 
matched for average queue length for the east and westbound for the four TSP scenarios.  The 
highest queue length was Kirkman Road eastbound under Conditional TSP (5 minutes behind 
schedule).   
The highest Average Queue Length was at Grand National westbound under all four TSP 
scenarios.   Grand National is clearly affected by the close proximity to the Kirkman Road 
intersection as the distance is only 675 feet.  The City of Orlando uses a minimum distance of 




the congestion at westbound Kirkman Road will affect the westbound I-Drive movement.  This 
signal has high side street volumes that could affect the queue length as the signal could receive 
side street calls that may disrupt signal coordination on I-Drive . 
The Maximum Queue Length at Universal Boulevard the four scenarios were closely 
matched for maximum queue length for both east and westbound for the four TSP scenarios.  
The highest queue length was Kirkman Road eastbound for No TSP and under conditional TSP 
(5 minutes behind schedule).  The Cross Street/ Average Delay was at Kirkman Road.  
This model shows that with a Conditional TSP priority (of up to a 5 minute behind 
schedule) that an average side street delay when TSP has been activated can be reduced and 
minimize disruption to the side street operations at Kirkman Road.  In this case Kirkman Road is 
the major street with high volumes with 28,500 VPD northbound and 49,000 VPD southbound. 
The highest Cross Street Average Delay is at Grand National northbound at 480 seconds 
for Unconditional TSP.  High volumes of traffic are generated from the businesses south of I 
Drive including the Golf Channel network.  Volumes of 2,273 vehicles per day travel from the 
south side of I drive. Similarly Municipal Drive has high northbound volumes of 2,696 VPD that 
also has some of the traffic from the Golf Channel area with cross street delays of 17 seconds for 





CHAPTER TEN: ROUTE BUS PASSENGER SAVINGS 
 
Passenger travel time savings were calculated using both VISSIM model travel times 
and the average passenger load f ie ld  co l lec ted  on the route.  Route travel time reduction 
per run for each scenario (compared with No TSP as a control case or base case) was 
multiplied by the average passenger load on the route.  Bus travel time savings were found by 
comparing the No TSP base case with Unconditional TSP, Conditional TSP 3 minutes behind, 
and Conditional TSP 5 minutes behind.  Table 23 shows these calculated travel time savings 
for all TSP scenarios.  Unconditional TSP showed the greatest savings for both eastbound 
and westbound (3234 passenger-seconds for eastbound and 923 passenger-seconds for 
westbound; however, as previously noted, the use of Unconditional TSP is detrimental to side 
street traffic.  Conditional TSP 3 minutes behind showed better passenger travel time 
savings than Conditional TSP 5 minutes behind (3045 passenger-seconds compared to 2485 
passenger-seconds for eastbound and 612 passenger-seconds compared to 442 passenger-



















Load on the 
Route 
(Passengers) 
Route Bus Passenger 
Savings = TT Reduction 
* Average Passenger 
Load 
(Passenger-Seconds) 
EB No-TSP - 438 - 35 - 
EB 
Unconditional 





351 87 35 3045 
5 
min 
368 71 35 2485 
      WB No-TSP - 487 - 17 - 
WB 
Unconditional 





451 36 17 612 
5 
min 
461 26 17 442 
10.1 Benefit Cost Ratio 
 
In evaluating passenger savings for Conditional TSP 3 minutes behind schedule for 
eastbound, there are approximately 50 minutes (3,045 sec/60min/sec) of savings and for 
westbound there are approximately 10 minutes (612 seconds/60min/sec) for a total of 60 minutes 
(1 hour) of savings per PM peak period per day.  Calculations used 5 hours per week for PM 
peak (1 hour per day x 5 days per week) and this was multiplied by 52 weeks in a year (tourist 
season is year round).  Based on a FHWA reference [40], the national hourly rate of $16.75/ hour 
was used and with an average of 26 passengers ((35 + 17)/ 2), the yearly savings for passengers 
were calculated as follows:  
5 hours/week x 52 weeks x $16.75/ hour x 26 passengers =  




The cost to implement TSP in this corridor was based on equipment (furnish and install 
including labor) cost in 2011 with $4,500 per bus (multiplied by 16 TSP equipped buses) and 
$1,500 per signal (7 signals on I-Drive) for a total raw cost of $82,500. It was assumed the yearly 
maintenance to be 5% of the initial fixed cost.  Based on the above data, the benefit cost ratio 
was calculated by analyzing the life cycle costs and benefits.   
The life time of the investment is considered to be 10 years (n value) and the discount 
rate is at 4 percent (i value).  Expenses are the initial cost and for each year up to assumed life of 
equipment of 10 years, it is assumed that 5% of the initial costs will be $4,125 for maintenance. 
The benefits are as shown calculated on the previous page of $113,230 for passenger savings per 
year.  The Present Value (PV) was calculated for each year based on the initial cost of $82,500 
for each of the 10 years as shown on line three of the table.  





 where n = number of years, i = 4% 
So that PV = (1 + .04)
10
 -1 / (.04 * (1+.04)
10
) =  (1.04)
10
-1/ (,04 * (1.04)
10
  
                    = (1.48-1) /.04 (1.48) = .48/ .0592 = 8.1109 
So now using the PV multiplier to calculate expenses for 10 years: 
Expenses per year = $4,125, PVExpenses =  $4,125 * 8.1109 = $33,457.46 
Add PVExpenses ($33,457.46) to the initial cost of equipment ($82,500) will yield 
$115,957.46 say $115,957.  This cost value goes in the denominator. Benefits were 
determined to be $113.230 per year.  Calculating Present Value for 10 years using the PV 
multiplier of 8.1109, PV Benefits = $113, 230 * 8.1109 = $918, 397. 
This value goes into the numerator so that the Benefit Cost Ratio is: 




The benefit cost ratio of 7.92 represented a positive benefit to the passenger.  This B/C 
ratio is also very conservative since it did not include the benefits to regular vehicles (non-bus 
traffic), so the actual benefit cost ratio is expected to be higher than this calculated benefit cost 
ratio. See Figure 41 for detailed EXCEL calculation of benefit cost ratio for I-Drive in the TSP 
corridor for Conditional TSP. 
Even though the benefit cost ratio was very high for the bus in the study area of   
I-Drive (7.92), consideration is needed for similar analysis on side streets as traffic could be 
delayed when Conditional TSP is activated.  At minor intersections, this may not be much of an 
issue in comparing the side street benefit cost ratio with that on I-Drive.  However, at major 
intersections such as Universal Boulevard or Kirkman Road, any excessive delays could 




Year 0 1 2 3 4 5 6 7 8 9 10 
 
Expenses 
 $  
(82,500) 
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 $        
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(4,125) 
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 $   
96,994  
 $   
93,263  
 $   
89,676   $       86,227  
 $   
82,911   $       79,722  
 $   
76,656  
 $   
73,707  
 
Net PV (total) 












      
             
            
Total 
NPV of Costs 
 $  
(82,500) 
 $   
(3,966) 
 $   
(3,814) 
 $   
(3,667) 
 $   
(3,526) 
 $   
(3,390)  $       (3,260) 
 $   
(3,135) 
 $        
(3,014) 
 $   
(2,898) 
 $   
(2,787) 
 $  
(115,957) 
NPV of 







 $   
96,789  
 $   
93,067   $       89,487  
 $   
86,045   $       82,736  
 $   
79,554  
 $   
76,494  
 $   
918,397  
             
             
             
       
Benefit/Cost  = 7.920118699 





CHAPTER ELEVEN: ENVIRONMENTAL ANALYSIS  
 
In addition to the passenger savings, the environmental burdens were evaluated for three 
TSP scenarios (No TSP, Unconditional TSP, and Conditional TSP 3 minutes behind).  VISSIM 
results from this research were used, along with the Argonne National Lab’s new Alternative 
Fuel Life-Cycle Environmental and Economic Transportation (AFLEET) Tool, to evaluate the 
life cycle environmental burden of different TSP scenarios [41].  In addition to the standard 
emission modeling, a Monte Carlo simulation was used to account for the variability of critical 
input variables.  The use of a Monte Carlo simulation allowed for the estimation of the impact of 
the variability of input variables on the emissions of different TSP scenarios [42].  In this 
research, variability arose from the idling time involved during each of the TSP scenarios, and 
the reported unit idling emissions derived from AFLEET. 
A more detailed analysis can be found in the final UTC report from this research [38].  
The environmental analysis results show that TSP technology reduces the environmental 
emissions in this corridor, with Unconditional TSP providing the most benefit.  However, since 
Unconditional TSP is not a practical choice in the real world, due to significantly increasing side 
street delay and causing buses to be ahead of schedule, it is important to review the results for 
Conditional TSP.   
Conditional TSP 3 minutes behind decreases most emissions compared to No TSP and 
provides a better reduction than Conditional TSP 5 minutes behind, showing that Conditional 
TSP 3 minutes behind is a beneficial and more practical TSP scenario.  This is likely to be the 




When comparing the east and westbound emissions, the amount of emissions in the eastbound 





CHAPTER TWELVE: CONCLUSION 
 
Several methods were used to determine whether or not Transit Signal Priority met the 
objectives outlined in the beginning of this research.  Methods included Data Exploration with 
statistical analysis and VISSIM.  After thorough review, using the data collected in this research 
and the Kittleson study both had limited data that determined TSP had some positive effect. 
However, it was not possible to evaluate conditional TSP in the field with different “behind 
schedule” time durations (i.e., 3 and 5 minutes).  This led to using the VISSIM simulation model 
to determine if TSP met the objectives and if it was effective. 
The VISSIM model utilized in this research was used to determine Average Speeds, 
Average Travel Times, Average Total Delay per Vehicle, Average Number of Stops per Vehicle, 
Average Queue Lengths, Maximum Queue Lengths, and Crossing Street  Average Delay per 
Vehicle.  Multiple VISSIM runs were included with scenarios for No TSP, Unconditional TSP, 
Conditional TSP (3 minutes behind schedule), and Conditional TSP (5 minutes behind schedule).   
Results of VISSIM scenarios with Conditional TSP of either 3 or 5 minutes behind 
schedule were effective for transit service.  As bus schedule adherence (no more than three 
minutes behind schedule) is improved, presumably additional patrons may use the transit system.  
In addition, as bus engine efficiency increases, vehicle emissions will be reduced.  When the TSP 
system is used, a system wide reduction of greenhouse gas emissions will be a result with over 
270 buses in the fleet. 
Based on this research it was determined that Conditional TSP was beneficial for transit 
operations in the I-Drive corridor under study by ensuring that buses behind schedule are granted 




reliability. It was also possible to provide a better understanding of how TSP effects change with 
different traffic conditions.   
The statistical analysis showed that it could not be stated with certainty that there was a 
significant discernable difference between the No TSP and the Unconditional TSP scenarios, as 
well as between the No TSP and the Conditional TSP scenarios.  One contributing factor to this 
result might have been the low sample size for each TSP scenario. The inconsistencies in some of 
the results might also be due to the difficulty in having a fully controlled real world experiment.  
Additionally, the multiple data points collected with zero values where the bus did not stop at a 
signal or at a bus stop might have affected the statistical analysis. 
The inability to be able to state with any confidence that there was a difference between 
No TSP and TSP led to the use of micro-simulation (VISSIM) to determine if Conditional TSP 
was beneficial to the transit system.   
Using VISSIM micro-simulation runs, it was possible to model the overall impacts of the 
TSP system on the local traffic network and effects on side street signal delay. This micro-
simulation showed that Conditional TSP could be used with three minutes behind schedule and 
not adversely affects the signalized side streets as conditional priority improved the overall 
operations of I-Drive.  As noted Grand National is clearly affected by the close proximity to the 
Kirkman Road intersection as the distance is only 675 feet.  This signal for I-Drive westbound is 
affected by the congestion at westbound Kirkman Road. 
The average number of stops in a network can indicate the level of traffic smoothness.  




vehicle to vehicle crashes. As shown in this research there was a reduction in the number of stops 
that each vehicle would need using Conditional TSP. 
Most emissions under Conditional TSP 3 minutes behind decrease compared to No TSP 
and provided a better reduction than Conditional TSP 5 minutes behind. This showed that 
Conditional TSP 3 minutes behind is a beneficial and a more practical TSP scenario.   
The benefit cost ratio was shown to be 7.92 which represented a positive benefit to the 
passenger.  This analysis is a very conservative calculation since it did not include the benefits to 
regular vehicles (non-bus traffic), so the actual benefit cost ratio is expected to be higher than 
this calculated benefit cost ratio. 
As was shown in this research the comparison of Conditional TSP to the other TSP 
scenarios (No TSP and Unconditional TSP), the Conditional TSP scenario was found to be 
effective in this corridor using several methods including data exploration for evaluation, 
VISSIM simulation models, calculations showing a positive passenger time savings, a positive 
cost benefit ratio of 7.92 and reduced emissions. This shows that Conditional TSP was effective. 
TSP also has the advantage in the potential of the reduction of the number of transit 
vehicles necessary as the bus travel time reductions.  Fewer buses could still maintain the same 
level of service.  It could occur in the present or negate the need for additional future buses by 
bus travel savings [43]. 
So, in summary TSP conditional was shown to be effective in improving the bus 
operations including: 
 Increased bus speed 
 Provided better schedule adherence 




 Emissions were reduced 
 Minimized impacts to cross street delay  
 Positive travel time savings for passengers 
 Benefit Cost ratio was positive on I-Drive 
The testing of TSP while it is operational in a real life setting was necessary before the 
TSP system can be expanded beyond the I-Drive corridor.  In the era of government budget 
constraints it is necessary to show that this transit system will work and can be effective before 
any expansion can be considered for regional expansion.  The expansion of the Conditional TSP 
system without proper testing, modeling and careful evaluation can be a costly endeavor.  The 
agencies responsible for future expansion have to ensure that expansion of the TSP system is 
cost effective and beneficial to their patrons in reducing travel time and improving schedule 
reliability. By the research shown in this dissertation, it was demonstrated that by reducing bus 
delay and improvement of travel time, Conditional TSP on I-Drive suggest that it could lead to a 
more sustainable and effective component to the transportation system.  
The implementation of Conditional TSP at other locations must be carefully considered 
for other roadways as the success of Conditional TSP in the I-Drive study area may not be 
suitable.  Each corridor must be carefully considered before implementation to determine if 
negative impacts can be expected.  Similar geometry such as lane configurations and median 
access off I-Drive could be a consideration for the Conditional TSP at other locations. In 
addition, at major intersections in Orlando such as John Young Parkway and West Colonial 
Drive (SR 50), determination of which roadway is the major roadway may determine which 




including truck route volumes, primary bus passenger routes and any impacts to the local 







CHAPTER THIRTEEN: FUTURE AREA TSP PROJECTS 
 
Future expansion of the TSP system in Orlando is anticipated in the South Orange 
Avenue corridor just south of downtown Orlando.  This area is near Orlando Regional Hospital.  
The City of Orlando has completed their ITS phase II project which it upgraded to fiber optics 
that will tie all the signals in this corridor from Michigan to downtown Orlando to their TMC.  
Once completed, this corridor will nearly be ready for the addition of TSP not only at the 
controllers but by adding TSP to the transit buses. 
13.1 Expansion of TSP Corridors 
 
In June 2014, the Florida Department of Transportation (FDOT) began a 3 year TSP 
project in the Central Florida region to improve the schedule reliability of the LYNX buses 
connecting to SunRail stations.  SunRail is the new regional commuter railway system that 
started operation on May 1, 2014.  Currently, under Phase 1, only 31 miles of SunRail are in 
operation, with service to 12 stations. 
The first phase of this FDOT LYNX TSP project will be implemented on LYNX bus 
routes that have direct connectivity to the SunRail stations.  One of the core objectives of this 
project is to improve bus reliability in high volume bus corridors that provide regional SunRail-
Lynx connectivity.  Priority corridors have been identified as those that contain inbound LYNX 
buses that travel to a SunRail station in both Orange and Seminole County in Central Florida.  It 
is extremely critical that these bus passengers reach the SunRail commuter train on time as the 
train only operates on half hour headways during AM and PM peaks, with two hour headways 




Currently, the City of Orlando has completed the East-West Lymmo known as the 
Grapefruit line, a free bus circulator services (LYMMO) located in downtown Orlando that act 
as a bus feeder system to the two SunRail stations in downtown Orlando.  The Grapefruit bus 
line was placed in service in May 2014 to coincide with the opening of the SunRail commuter 
rail.  This new line connects the east and west side of downtown Orlando and uses the same GPS 
TSP equipment as the I-Drive test corridor to improve bus schedule adherence.   
There are 20 TSP equipped signals located on this new bus route.  Success of this 
regional LYNX TSP project should increase SunRail ridership due to improvements in schedule 
reliability and reduction in burdens for the bus customer for quicker access to the SunRail train.  
In addition, construction will begin on the Parramore BRT in early 2015 that will tie the Creative 
Village (site of the old Amway Arena) to the Lynx Central Station and Sunrail station on West 
Livingston in downtown Orlando.  This system will also have Conditional TSP as part of their 
operating system. 
Improvements like these to the Central Florida area for mass transit systems helps to 
reduce the number of passenger vehicles on the roadways and make the system an important 
component of a sustainable transportation system. 
13.2 Alternative Analysis of the Colonial Drive (SR 50) Corridor 
 
The Florida Department of Transportation in conjunction with partners including 
Metroplan Orlando is performing an Alternative Analysis of the Colonial Drive (State Road 50) 
corridor to include transit options including TSP.  Funding is being contemplated by the Federal 




west to UCF in the east.  TSP will be one component of this roadway as the ITS infrastructure 
will allow for more connectivity to the smart vehicle. 
13.3 Combination of AVL, GPS and APC 
 
A future TSP research project should include the addition of the interface of the APC 
with the AVL and GPS system.  This combination of systems would allow for the location of the 
bus to be conveyed to the central monitoring station, determine if the bus is behind schedule, and 
then determine if sufficient passengers are on board to decide whether to grant conditional 
priority to the bus.  Kittleson and Associates performed such a study for the Jacksonville Transit 
Authority for this type of system in Jacksonville, Florida. 
13.4 Future Benefits to the Transportation System 
 
Even though there is no one solution to reduce the transportation contribution to 
greenhouse gases and global warming, the transportation sector can improve vehicle efficiencies 
and diversification of transportation options to reduce emissions. One method as noted in this 
research is a decrease in emissions from a more efficient transit system because of TSP. This has 
the potential to decrease in individual vehicle usage, so there could be an improvement to the 
efficiency of the transit system. It could also lead to a decrease in greenhouse gases and thus 
reduce the rate of temperature increases and sea level rise.  TSP can be effective in 






13.5 Latest TSP Concepts 
 
Recently, the concept of Connected Vehicles technologies has been proposed for TSP 
applications.  This was discussed in an ITE TSP Webinar in July 2014 [44].  Traffic data can 
provide transit operators real time information that can be used in transit operations. The new 
technology can improve the safety of transit by providing traffic conditions.  A connected 
vehicle focuses on vehicle to vehicle and vehicle to infrastructure that supports increased safety, 
mobility, and the environment [45].  This emerging technology should be pursued in future 
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DAY_OF_WEEK ROUTE UNIQUE_BUS_STOP_ID DIRECTION STOP_NAME TOTAL_ON TOTAL_OFF AVERAGE_LOAD AVERAGE_LATITIUDE AVERAGE_LONGITUDE AVERAGE_DELTA SAMPLES
1 8 3,536 1 5500 INTERNATIONAL DR AND GR 63.0 16.0 18.5 28.462252 -81.455661 10 1
1 8 4,214 1 6200 INTERNATIONAL DR AND UN 8.0 5.0 17.5 28.462123 -81.464404 62 1
1 8 4,215 1 5900 INTERNATIONAL DR AND AM 68.0 73.0 17.4 28.462199 -81.461939 18 1
1 8 4,216 1 5300 INTERNATIONAL DR AND MU 34.0 9.0 19.1 28.462480 -81.451902 28 1
1 8 4,217 1 5200 INTERNATIONAL DR AND TO 4.0 12.0 19.0 28.467058 -81.450347 85 1
1 8 4,312 1 ALTAMIRA DR AND INTERNATIONA 14.0 9.0 19.1 28.468787 -81.450941 106 1
1 8 4,313 0 5200 INTERNATIONAL DR AND TO 16.0 13.0 20.0 28.467003 -81.450583 14 1
1 8 4,315 0 5500 INTERNATIONAL DR AND GR 99.0 53.0 20.3 28.462469 -81.455868 142 1
1 8 4,316 0 5900 INTERNATIONAL DR AND AM 18.0 74.0 19.0 28.462424 -81.461787 25 1
1 8 4,317 0 6200 INTERNATIONAL DR AND VI 4.0 10.0 18.8 28.462206 -81.464745 257 1
1 8 7,542 0 INTERNATIONAL DR AND ALTAMIR 3.0 19.0 20.0 28.468951 -81.451625 127 1
1 8 7,543 0 OAK RIDGE RD AND INTERNATION 26.0 41.0 20.4 28.472117 -81.452962 206 1
DAY_OF_WEEK ROUTE UNIQUE_BUS_STOP_ID DIRECTION STOP_NAME TOTAL_ON TOTAL_OFF AVERAGE_LOAD AVERAGE_LATITIUDE AVERAGE_LONGITUDE AVERAGE_DELTA SAMPLES
1 8 3,536 1 5500 INTERNATIONAL DR AND GR 63.0 16.0 18.5 28.462252 -81.455661 10 1
1 8 4,214 1 6200 INTERNATIONAL DR AND UN 8.0 5.0 17.5 28.462123 -81.464404 62 1
1 8 4,215 1 5900 INTERNATIONAL DR AND AM 68.0 73.0 17.4 28.462199 -81.461939 18 1
1 8 4,216 1 5300 INTERNATIONAL DR AND MU 34.0 9.0 19.1 28.462480 -81.451902 28 1
1 8 4,217 1 5200 INTERNATIONAL DR AND TO 4.0 12.0 19.0 28.467058 -81.450347 85 1
1 8 4,312 1 ALTAMIRA DR AND INTERNATIONA 14.0 9.0 19.1 28.468787 -81.450941 106 1
1 8 4,313 0 5200 INTERNATIONAL DR AND TO 16.0 13.0 20.0 28.467003 -81.450583 14 1
1 8 4,315 0 5500 INTERNATIONAL DR AND GR 99.0 53.0 20.3 28.462469 -81.455868 142 1
1 8 4,316 0 5900 INTERNATIONAL DR AND AM 18.0 74.0 19.0 28.462424 -81.461787 25 1
1 8 4,317 0 6200 INTERNATIONAL DR AND VI 4.0 10.0 18.8 28.462206 -81.464745 257 1
1 8 7,542 0 INTERNATIONAL DR AND ALTAMIR 3.0 19.0 20.0 28.468951 -81.451625 127 1
1 8 7,543 0 OAK RIDGE RD AND INTERNATION 26.0 41.0 20.4 28.472117 -81.452962 206 1
DAY_OF_WEEK ROUTE UNIQUE_BUS_STOP_ID DIRECTION STOP_NAME TOTAL_ON TOTAL_OFF AVERAGE_LOAD AVERAGE_LATITIUDE AVERAGE_LONGITUDE AVERAGE_DELTA SAMPLES
1 8 3,536 1 5500 INTERNATIONAL DR AND GR 63.0 16.0 18.5 28.462252 -81.455661 10 1
1 8 4,214 1 6200 INTERNATIONAL DR AND UN 8.0 5.0 17.5 28.462123 -81.464404 62 1
1 8 4,215 1 5900 INTERNATIONAL DR AND AM 68.0 73.0 17.4 28.462199 -81.461939 18 1
1 8 4,216 1 5300 INTERNATIONAL DR AND MU 34.0 9.0 19.1 28.462480 -81.451902 28 1
1 8 4,217 1 5200 INTERNATIONAL DR AND TO 4.0 12.0 19.0 28.467058 -81.450347 85 1
1 8 4,312 1 ALTAMIRA DR AND INTERNATIONA 14.0 9.0 19.1 28.468787 -81.450941 106 1
1 8 4,313 0 5200 INTERNATIONAL DR AND TO 16.0 13.0 20.0 28.467003 -81.450583 14 1
1 8 4,315 0 5500 INTERNATIONAL DR AND GR 99.0 53.0 20.3 28.462469 -81.455868 142 1
1 8 4,316 0 5900 INTERNATIONAL DR AND AM 18.0 74.0 19.0 28.462424 -81.461787 25 1
1 8 4,317 0 6200 INTERNATIONAL DR AND VI 4.0 10.0 18.8 28.462206 -81.464745 257 1
1 8 7,542 0 INTERNATIONAL DR AND ALTAMIR 3.0 19.0 20.0 28.468951 -81.451625 127 1
1 8 7,543 0 OAK RIDGE RD AND INTERNATION 26.0 41.0 20.4 28.472117 -81.452962 206 1
DAY_OF_WEEK ROUTE UNIQUE_BUS_STOP_ID DIRECTION STOP_NAME TOTAL_ON TOTAL_OFF AVERAGE_LOAD AVERAGE_LATITIUDE AVERAGE_LONGITUDE AVERAGE_DELTA SAMPLES
1 8 3,536 1 5500 INTERNATIONAL DR AND GR 63.0 16.0 18.5 28.462252 -81.455661 10 1
1 8 4,214 1 6200 INTERNATIONAL DR AND UN 8.0 5.0 17.5 28.462123 -81.464404 62 1
1 8 4,215 1 5900 INTERNATIONAL DR AND AM 68.0 73.0 17.4 28.462199 -81.461939 18 1
1 8 4,216 1 5300 INTERNATIONAL DR AND MU 34.0 9.0 19.1 28.462480 -81.451902 28 1
1 8 4,217 1 5200 INTERNATIONAL DR AND TO 4.0 12.0 19.0 28.467058 -81.450347 85 1
1 8 4,312 1 ALTAMIRA DR AND INTERNATIONA 14.0 9.0 19.1 28.468787 -81.450941 106 1
1 8 4,313 0 5200 INTERNATIONAL DR AND TO 16.0 13.0 20.0 28.467003 -81.450583 14 1
1 8 4,315 0 5500 INTERNATIONAL DR AND GR 99.0 53.0 20.3 28.462469 -81.455868 142 1
1 8 4,316 0 5900 INTERNATIONAL DR AND AM 18.0 74.0 19.0 28.462424 -81.461787 25 1
1 8 4,317 0 6200 INTERNATIONAL DR AND VI 4.0 10.0 18.8 28.462206 -81.464745 257 1
1 8 7,542 0 INTERNATIONAL DR AND ALTAMIR 3.0 19.0 20.0 28.468951 -81.451625 127 1





















































































RING 1 RING 2
APPROACH N/S EB
DESCRIPTION International Del Verde Phase Timings 1-8 (Red Revert set to 2" for each phase as a standard)
PHASE # 1 2 3 4 5 6 7 8
INITIAL 15 5 0 15 0 5 0 0 0 0
PASSAGE 4 2 0 4 0 2 0 0 0 0
YELLOW 4 4 0 45 0 15 0 0 0 0
RED CLEAR 1.7 2.1 0 25 0 10 0 0 0 0
MAX  1 45 15 W E 0.0 4.0 0.0 4.0 0.0 0.0 0.0 0.0 DO NOT DELETE!!!
MAX 2 25 10 E No peds at  A 0.0 1.7 0.0 2.1 0.0 0.0 0.0 0.0
WALK S this location S 0 0 0 0 0 0 0 0
PED CLEAR T T 0 0 0 0 0 0 0 0
MIN RECALL Yes 2 2 2 2 2 2 2 2
MAX RECALL
PED RECALL
NON -LOCK Lock N/L




L/S POSITION 2 4 Synchro Lanes.CSV - UTDF import file
L SORTBY RECORDNAMEINTID NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR
P.M. Date: 10/25/2006 1 36901 Lanes 369 1 2 0 0 2 0 1 0 1 0 0 0
36902 Shared 369 0 0 0 0 2 0 0 0 0 0 0 0
12 36903 Speed 369 0 45 0 0 45 0 0 35 0 0 0 0
180 36904 Storage 369 180 0 0 0 180 180 0 0
36905 Width 369 12 12 12 12 12 12 12 12 12 12 12 12
36906 Phase1 369 Detector 2 0 2 Detector 18 0 0 Detector 34 0 0 Detector 50 0 0
Phase Phase Phase 36907 PermPhase1 369 Detector 6 0 6 Detector 22 0 0 Detector 38 0 0 Detector 54 0 0
Detector 1 Detector 17 Detector 33 Detector 49 36908 Lagable 369 N 0 7 N 0 0 N 0 0 N 0 0
Detector 2 Detector 18 Detector 34 Detector 50 36909 DetectPhase1 369 Detector 10 0 0 Detector 26 0 0 Detector 42 0 0 Detector 58 0 0
OLD Detector 3 Detector 19 Detector 35 Detector 51 36910 FirstDetect 369 0 0 Phase 0 0 Phase 0 0 Phase 0 0 Phase
NEW Detector 4 Detector 20 Detector 36 Detector 52 36911 LastDetect 369 Detector 1 0 1 Detector 17 0 0 Detector 33 0 0 Detector 49 0 0
Detector 5 Detector 21 Detector 37 Detector 53 36912 PedButton 369 0 N 0 0 N 0 0 N 0 0 N 0
Detector 6 Detector 22 Detector 38 Detector 54 36913 MinGreen 369 #N/A 0 24 #N/A 0 0 #N/A 0 0 #N/A 0 0
Detector 7 Detector 23 Detector 39 Detector 55 36914 StLanes 369 1 1 1
Detector 8 Detector 24 Detector 40 Detector 56 36915 Grade 369 0 0 0 0 0 0 0 0 0 0 0 0
Detector 9 Detector 25 Detector 41 Detector 57 36916 Phase2 369 Detector 3 0 3 Detector 19 0 0 Detector 35 0 0 Detector 51 0 0
Detector 10 Detector 26 Detector 42 Detector 58 36917 PermPhase2 369 Detector 7 0 7 Detector 23 0 0 Detector 39 0 0 Detector 55 0 0
Detector 11 Detector 27 Detector 43 Detector 59 36918 DetectPhase2 369 Detector 11 0 0 Detector 27 0 0 Detector 43 0 0 Detector 59 0 0
Detector 12 Detector 28 Detector 44 Detector 60 36919 Phase3 369 Detector 4 0 4 Detector 20 0 0 Detector 36 0 0 Detector 52 0 0
Detector 13 Detector 29 Detector 45 Detector 61 36920 PermPhase3 369 Detector 8 0 8 Detector 24 0 0 Detector 40 0 0 Detector 56 0 0
Detector 14 Detector 30 Detector 46 Detector 62 36921 DetectPhase3 369 Detector 12 0 0 Detector 28 0 0 Detector 44 0 0 Detector 60 0 0
Detector 15 Detector 31 Detector 47 Detector 63 36922 Phase4 369 Detector 5 0 5 Detector 21 0 0 Detector 37 0 0 Detector 53 0 0
Detector 16 Detector 32 Detector 48 Detector 64 36923 PermPhase4 369 Detector 9 0 0 Detector 25 0 0 Detector 41 0 0 Detector 57 0 0
NOTES :
Synchro Phases.CSV - UTDF import file
1 2 3 4 5 6 7 8
TMC Revised 3/31/2010 SORTBY RECORDNAMEINTID D1 D2 D3 D4 D5 D6 D7 D8
36901 BRP 369 111 112 211 212 121 122 221 222
36902 MinGreen 369 0 15 0 5 0 0 0 0
36903 AddedMin 369 0 0 0 0 0 0 0 0
36904 MaxInitial 369 0 15 0 5 0 0 0 0
36905 MaxGreen 369 0 45 0 15 0 0 0 0
36906 Walk 369 0 0 0 0 0 0 0 0
36907 DontWalk 369 0 0 0 0 0 0 0 0
36908 PedCalls 369 0 0 0 0 0 0 0 0
36910 Yellow 369 0 4 0 4 0 0 0 0
36911 AllRed 369 0 1.7 0 2.1 0 0 0 0
36912 Recall 369 0 1 0 0 0 0 0 0
36913 VehExt 369 0 4 0 2 0 0 0 0
36914 TimeBeforeReduce369 0 0 0 0 0 0 0 0
36915 TimeToReduce 369 0 0 0 0 0 0 0 0
36916 MinGap 369 0 0 0 0 0 0 0 0
36917 RedRevert 369 2 2 2 2 2 2 2 2
36918 RedLock 369 N N N N N N N N
36919 YellowLock 369 N N N N N N N N
36920 DoubleEntry 369 N N N N N N N N
36921 SimGapout 369 Y Y Y Y Y Y Y Y
36922 Shortway 369 12 12 12 12 12 12 12 12
36923 MinSplit 369 0 24 0 13 0 0 0 0
36923 RestInWalk 369 N N N N













































































RING 1 RING 2
APPROACH EBL WB SBL NB WBL EB NBL SB PB? Y
DESCRIPTION Grand National Grand National RestNwalk? N PB? Y Phase Timings 1-8 (Red Revert set to 2" for each phase as a standard)
PHASE # 1 2 3 4 5 6 7 8 RestNwalk? N
INITIAL 5 8 5 5 5 8 5 5 5 8 5 5 5 8 5 5
PASSAGE 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
YELLOW 4 4 4 4 4 4 4 4 30 60 15 60 30 60 30 60
RED CLEAR 2 2 2.1 2.5 2.2 1.7 2.5 2.5 10 45 10 28 10 45 10 28
MAX  1 30 60 15 60 30 60 30 60 W E 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 DO NOT DELETE!!!
MAX 2 10 45 10 28 10 45 10 28 E  A 2.0 2.0 2.1 2.5 2.2 1.7 2.5 2.5 N Y
WALK 7 7 7 7 S S 0 7 0 7 0 7 0 7 N Y
PED CLEAR 22 35 22 33 T T 0 22 0 35 0 22 0 33 N Y
MIN RECALL Yes Yes 2 2 2 2 2 2 2 2 N Y
MAX RECALL
PED RECALL
NON -LOCK N/L Lock N/L N/L N/L Lock N/L N/L
REST IN WALK PB? Y
DISPLAY 5-sect Balls 5-sect Balls 5-sect Balls 5-sect Balls RestNwalk? N PB? Y
U.C.F. Y R Y R RestNwalk? N
MAIN ST. Yes Yes
L/S POSITION 1 2 3 4 5 6 7 8 Synchro Lanes.CSV - UTDF import file
L SORTBY RECORDNAMEINTID NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR
P.M. Date: 10/31/2006 1 37001 Lanes 370 1 1 0 1 1 1 1 2 1 1 2 0
37002 Shared 370 0 2 0 0 0 0 0 0 0 0 2 0
12 37003 Speed 370 0 40 0 0 40 0 0 35 0 0 35 0
140 37004 Storage 370 140 0 180 180 280 180 180 0
37005 Width 370 12 12 12 12 12 12 12 12 12 12 12 12
37006 Phase1 370 Detector 2 0 2 Detector 18 0 0 Detector 34 0 0 Detector 50 0 0
Phase Phase Phase 37007 PermPhase1 370 Detector 6 0 6 Detector 22 0 0 Detector 38 0 0 Detector 54 0 0
Detector 1 Detector 17 Detector 33 Detector 49 37008 Lagable 370 N 0 7 N 0 0 N 0 0 N 0 0
Detector 2 Detector 18 Detector 34 Detector 50 37009 DetectPhase1 370 Detector 10 0 0 Detector 26 0 0 Detector 42 0 0 Detector 58 0 0
OLD Detector 3 Detector 19 Detector 35 Detector 51 37010 FirstDetect 370 0 0 Phase 0 0 Phase 0 0 Phase 0 0 Phase
NEW Detector 4 Detector 20 Detector 36 Detector 52 37011 LastDetect 370 Detector 1 0 1 Detector 17 0 0 Detector 33 0 0 Detector 49 0 0
Detector 5 Detector 21 Detector 37 Detector 53 37012 PedButton 370 0 Y 0 0 Y 0 0 Y 0 0 Y 0
Detector 6 Detector 22 Detector 38 Detector 54 37013 MinGreen 370 #N/A 0 16 #N/A 0 0 #N/A 0 0 #N/A 0 0
Detector 7 Detector 23 Detector 39 Detector 55 37014 StLanes 370 1 1 1 1 1 1
Detector 8 Detector 24 Detector 40 Detector 56 37015 Grade 370 0 0 0 0 0 0 0 0 0 0 0 0
Detector 9 Detector 25 Detector 41 Detector 57 37016 Phase2 370 Detector 3 0 3 Detector 19 0 0 Detector 35 0 0 Detector 51 0 0
Detector 10 Detector 26 Detector 42 Detector 58 37017 PermPhase2 370 Detector 7 0 7 Detector 23 0 0 Detector 39 0 0 Detector 55 0 0
Detector 11 Detector 27 Detector 43 Detector 59 37018 DetectPhase2 370 Detector 11 0 0 Detector 27 0 0 Detector 43 0 0 Detector 59 0 0
Detector 12 Detector 28 Detector 44 Detector 60 37019 Phase3 370 Detector 4 0 4 Detector 20 0 0 Detector 36 0 0 Detector 52 0 0
Detector 13 Detector 29 Detector 45 Detector 61 37020 PermPhase3 370 Detector 8 0 8 Detector 24 0 0 Detector 40 0 0 Detector 56 0 0
Detector 14 Detector 30 Detector 46 Detector 62 37021 DetectPhase3 370 Detector 12 0 0 Detector 28 0 0 Detector 44 0 0 Detector 60 0 0
Detector 15 Detector 31 Detector 47 Detector 63 37022 Phase4 370 Detector 5 0 5 Detector 21 0 0 Detector 37 0 0 Detector 53 0 0
Detector 16 Detector 32 Detector 48 Detector 64 37023 PermPhase4 370 Detector 9 0 0 Detector 25 0 0 Detector 41 0 0 Detector 57 0 0
NOTES : 1. SBR 5-Section removed per Work Order #05-05-1TW
Synchro Phases.CSV - UTDF import file
1 2 3 4 5 6 7 8
TMC Revised 5/28/2010 SORTBY RECORDNAMEINTID D1 D2 D3 D4 D5 D6 D7 D8
37001 BRP 370 111 112 211 212 121 122 221 222
37002 MinGreen 370 5 8 5 5 5 8 5 5
37003 AddedMin 370 0 0 0 0 0 0 0 0
37004 MaxInitial 370 5 8 5 5 5 8 5 5
37005 MaxGreen 370 30 60 15 60 30 60 30 60
37006 Walk 370 0 7 0 7 0 7 0 7
37007 DontWalk 370 0 22 0 35 0 22 0 0
37008 PedCalls 370 0 10 0 10 0 10 0 0
37010 Yellow 370 4 4 4 4 4 4 4 4
37011 AllRed 370 2 2 2.1 2.5 2.2 1.7 2.5 2.5
37012 Recall 370 0 1 0 0 0 1 0 0
37013 VehExt 370 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
37014 TimeBeforeReduce370 0 0 0 0 0 0 0 0
37015 TimeToReduce 370 0 0 0 0 0 0 0 0
37016 MinGap 370 0 0 0 0 0 0 0 0
37017 RedRevert 370 2 2 2 2 2 2 2 2
37018 RedLock 370 N N N N N N N N
37019 YellowLock 370 N N N N N N N N
37020 DoubleEntry 370 N N N N N N N N
37021 SimGapout 370 Y Y Y Y Y Y Y Y
37022 Shortway 370 12 12 12 12 12 12 12 12
37023 MinSplit 370 13 16 13 13 13 16 13 13
37023 RestInWalk 370 N N N N



















































































RING 1 RING 2
APPROACH EBL WB SBL NB WBL EB NBL SB PB? Y
DESCRIPTION RestNwalk? N PB? Y Phase Timings 1-8 (Red Revert set to 2" for each phase as a standard)
PHASE # 1 2 3 4 5 6 7 8 RestNwalk? N
INITIAL 4 10 4 6 4 10 4 6 4 10 4 6 4 10 4 6
PASSAGE 2 3 2 2 2 3 2 2 2 3 2 2 2 3 2 2
YELLOW 4 4 4 4 4 4 4 4 24 45 19 45 19 45 12 45
RED CLEAR 2.5 2.8 3 3 2.8 2.5 3 3 10 25 10 25 10 25 10 25
MAX  1 24 45 19 45 19 45 12 45 W E 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
MAX 2 10 25 10 25 10 25 10 25 E  A 2.5 2.8 3.0 3.0 2.8 2.5 3.0 3.0
WALK 10 10 20 7 S S 0 10 0 10 0 20 0 7
PED CLEAR 32 32 23 34 T T 0 32 0 32 0 23 0 34
MIN RECALL Yes Yes 2 2 2 2 2 2 2 2
MAX RECALL
PED RECALL
NON -LOCK N/L Lock N/L N/L N/L Lock N/L N/L
REST IN WALK PB? Y
DISPLAY Balls Balls Balls Balls RestNwalk? N PB? Y
U.C.F. R Y R R R Y R R RestNwalk? N
MAIN ST. Yes Yes Synchro Lanes.CSV - UTDF import file
L/S POSITION 1 2 3 4 5 6 7 8
Lane Group Data
L RECORDNAMEINTID NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR
P.M. Date: 1/30/2007 1 Lanes 376 1 2 0 2 2 2 2 2 0 1 2 1
Shared 376 0 2 0 0 0 0 0 2 0 0 0 0
12 Width 376 12 12 12 12 12 12 12 12 12 12 12 12
60 Storage 376 60 0 220 220 140 0 140 200
StLanes 376 1 2 2 2 1 1
Grade 376 0 0 0 0 0 0 0 0 0 0 0 0
Phase Phase Phase Speed 376 0 30 0 0 30 0 0 30 0 0 30 0
Detector 1 Detector 17 Detector 33 Detector 49 FirstDetect 376 0 0 Phase 0 0 Phase 0 0 Phase 0 0 Phase
Detector 2 Detector 18 Detector 34 Detector 50 LastDetect 376 Detector 1 0 1 Detector 17 0 0 Detector 33 0 0 Detector 49 0 0
OLD Detector 3 Detector 19 Detector 35 Detector 51 Phase1 376 Detector 2 0 2 Detector 18 0 0 Detector 34 0 0 Detector 50 0 0
NEW Detector 4 Detector 20 Detector 36 Detector 52 Phase2 376 Detector 3 0 3 Detector 19 0 0 Detector 35 0 0 Detector 51 0 0
Detector 5 Detector 21 Detector 37 Detector 53 Phase3 376 Detector 4 0 4 Detector 20 0 0 Detector 36 0 0 Detector 52 0 0
Detector 6 Detector 22 Detector 38 Detector 54 Phase4 376 Detector 5 0 5 Detector 21 0 0 Detector 37 0 0 Detector 53 0 0
Detector 7 Detector 23 Detector 39 Detector 55 PermPhase1 376 Detector 6 0 6 Detector 22 0 0 Detector 38 0 0 Detector 54 0 0
Detector 8 Detector 24 Detector 40 Detector 56 PermPhase2 376 Detector 7 0 7 Detector 23 0 0 Detector 39 0 0 Detector 55 0 0
Detector 9 Detector 25 Detector 41 Detector 57 PermPhase3 376 Detector 8 0 8 Detector 24 0 0 Detector 40 0 0 Detector 56 0 0
Detector 10 Detector 26 Detector 42 Detector 58 PermPhase4 376 Detector 9 0 8 Detector 25 0 0 Detector 41 0 0 Detector 57 0 0
Detector 11 Detector 27 Detector 43 Detector 59 DetectPhase1 376 Detector 10 0 1 Detector 26 0 0 Detector 42 0 0 Detector 58 0 0
Detector 12 Detector 28 Detector 44 Detector 60 DetectPhase2 376 Detector 11 0 0 Detector 27 0 0 Detector 43 0 0 Detector 59 0 0
Detector 13 Detector 29 Detector 45 Detector 61 DetectPhase3 376 Detector 12 0 0 Detector 28 0 0 Detector 44 0 0 Detector 60 0 0
Detector 14 Detector 30 Detector 46 Detector 62 DetectPhase4 376 Detector 13 0 0 Detector 29 0 0 Detector 45 0 0 Detector 61 0 0
Detector 15 Detector 31 Detector 47 Detector 63
Detector 16 Detector 32 Detector 48 Detector 64
NOTES : 1. Opticom Preemption for all 4 directions.
2. Overlap A standard with Phase 1 and Phase 8 (SBR-Protected Only)






















































































RING 1 RING 2
APPROACH NBL SB EB WB SBL NB PB? Y
DESCRIPTION Touchstone RestNwalk? N PB? Y Phase Timings 1-8 (Red Revert set to 2" for each phase as a standard)
PHASE # 1 2 3 4 5 6 7 8 RestNwalk? N
INITIAL 5 14 5 5 5 14 5 14 5 5 5 14 0 0
PASSAGE 2.5 3.5 2.5 2.5 2.5 3.5 2.5 3.5 2.5 2.5 2.5 3.5 0 0
YELLOW 4 4 4 4 4 4 20 45 20 45 20 45 0 0
RED CLEAR 2.2 1.5 3 3 2.5 1.7 10 45 10 43 10 45 0 0
MAX  1 20 45 20 45 20 45 W *** Side street is split E 4.0 4.0 4.0 4.0 4.0 4.0 0.0 0.0 DO NOT DELETE!!!
MAX 2 10 45 10 43 10 45 E  A 2.2 1.5 3.0 3.0 2.5 1.7 0.0 0.0 N Y
WALK 7 7 7 S S 0 7 0 7 0 7 0 0 N Y
PED CLEAR 18 38 25 T T 0 18 0 38 0 25 0 0 N/A N/A
MIN RECALL Yes Yes 2 2 2 2 2 2 2 2 N Y
MAX RECALL
PED RECALL
NON -LOCK N/L Lock N/L N/L N/L Lock
REST IN WALK PB? n/a
DISPLAY Balls Both Balls Both RestNwalk? n/a PB? Y
U.C.F. R Y R R R Y RestNwalk? N
MAIN ST. Yes Yes
L/S POSITION 1 2 3 4 5 6 Synchro Lanes.CSV - UTDF import file
City of Orlando L SORTBY RECORDNAMEINTID NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR
1 1 Lanes 0 1 2 1 1 2 0 1 1 0 1 1 1
2 Shared 0 0 0 0 0 2 0 0 2 0 0 0 0
12 3 Speed 0 0 30 0 0 30 0 0 25 0 0 25 0
200 4 Storage 0 200 150 200 0 200 0 100 200
5 Width 0 12 12 12 12 12 12 12 12 12 12 12 12
Intersection: 6 Phase1 0 Detector 2 0 2 Detector 18 0 0 Detector 34 0 0 Detector 50 0 0
International Dr. & Touchstone Dr. Phase Phase Phase 7 PermPhase1 0 Detector 6 0 6 Detector 22 0 0 Detector 38 0 0 Detector 54 0 0
Detector 1 Detector 17 Detector 33 Detector 49 8 Lagable 0 N 0 6 N 0 0 N 0 0 N 0 0
Intersection # 378 Detector 2 Detector 18 Detector 34 Detector 50 9 DetectPhase1 0 Detector 10 0 4 Detector 26 0 0 Detector 42 0 0 Detector 58 0 0
Detector 3 Detector 19 Detector 35 Detector 51 10 FirstDetect 0 0 0 0 0 0 Phase 0 0 Phase 0 0 Phase
Zone # 1 Detector 4 Detector 20 Detector 36 Detector 52 11 LastDetect 0 Detector 1 0 1 Detector 17 0 0 Detector 33 0 0 Detector 49 0 0
Detector 5 Detector 21 Detector 37 Detector 53 12 PedButton 0 0 Y 0 0 Y 0 0 N 0 0 Y 0
Comm Drop # 62 Detector 6 Detector 22 Detector 38 Detector 54 13 MinGreen 0 #N/A 0 22 #N/A 0 0 #N/A 0 0 #N/A 0 0
Detector 7 Detector 23 Detector 39 Detector 55 14 StLanes 0 1 1 1 1 1 1
Detector 8 Detector 24 Detector 40 Detector 56 15 Grade 0 0 0 0 0 0 0 0 0 0 0 0 0
Detector 9 Detector 25 Detector 41 Detector 57 16 Phase2 0 Detector 3 0 2 Detector 19 0 0 Detector 35 0 0 Detector 51 0 0
Detector 10 Detector 26 Detector 42 Detector 58 17 PermPhase2 0 Detector 7 0 6 Detector 23 0 0 Detector 39 0 0 Detector 55 0 0
Detector 11 Detector 27 Detector 43 Detector 59 18 DetectPhase2 0 Detector 11 0 0 Detector 27 0 0 Detector 43 0 0 Detector 59 0 0
Detector 12 Detector 28 Detector 44 Detector 60 19 Phase3 0 Detector 4 0 4 Detector 20 0 0 Detector 36 0 0 Detector 52 0 0
Detector 13 Detector 29 Detector 45 Detector 61 20 PermPhase3 0 Detector 8 0 3 Detector 24 0 0 Detector 40 0 0 Detector 56 0 0
Detector 14 Detector 30 Detector 46 Detector 62 21 DetectPhase3 0 Detector 12 0 0 Detector 28 0 0 Detector 44 0 0 Detector 60 0 0
Detector 15 Detector 31 Detector 47 Detector 63 22 Phase4 0 Detector 5 0 5 Detector 21 0 0 Detector 37 0 0 Detector 53 0 0
Detector 16 Detector 32 Detector 48 Detector 64
NOTES : 1. The side street is split. The display for both 3 and 4 is shown as Both. They have 1 way 3 colors as well as 5- section heads.
2. Preemption for north and south Synchro Phases.CSV - UTDF import file
1 2 3 4 5 6 7 8
TMC Revised 3/24/2010 SORTBY RECORDNAMEINTID D1 D2 D3 D4 D5 D6 D7 D8
1 BRP 0 111 112 211 212 121 122 221 222
2 MinGreen 0 5 14 5 5 5 14 0 0
3 AddedMin 0 0 0 0 0 0 0 0 0
4 MaxInitial 0 5 14 5 5 5 14 0 0
5 MaxGreen 0 20 45 20 45 20 45 0 0
6 Walk 0 0 7 0 7 0 7 0 0
7 DontWalk 0 0 18 0 38 0 25 0 0
8 PedCalls 0 0 10 0 10 0 10 0 0
10 Yellow 0 4 4 4 4 4 4 0 0
11 AllRed 0 2.2 1.5 3 3 2.5 1.7 0 0
12 Recall 0 0 1 0 0 0 1 0 0
13 VehExt 0 2.5 3.5 2.5 2.5 2.5 3.5 0 0
14 TimeBeforeReduce 0 0 0 0 0 0 0 0 0
15 TimeToReduce 0 0 0 0 0 0 0 0 0
16 MinGap 0 0 0 0 0 0 0 0 0
17 RedRevert 0 2 2 2 2 2 2 2 2
18 RedLock 0 N N N N N N N N
19 YellowLock 0 N N N N N N N N
20 DoubleEntry 0 N N N N N N N N
21 SimGapout 0 Y Y Y Y Y Y Y Y
22 Shortway 0 12 12 12 12 12 12 12 12
23 MinSplit 0 13 22 14 14 13 23 0 0
23 RestInWalk 0 N N N N












































































RING 1 RING 2
APPROACH NBL SB EBL WB SBL NB WBL EB PB? Y
DESCRIPTION RestNwalk? N PB? Y Phase Timings 1-8 (Red Revert set to 2" for each phase as a standard)
PHASE # 1 2 3 4 5 6 7 8 RestNwalk? N
INITIAL 7 10 7 10 7 10 7 10 7 10 7 10 7 10 7 10
PASSAGE 3 6 2 2.5 2.5 6 2 2.5 3 6 2 2.5 2.5 6 2 2.5
YELLOW 4.5 4.5 4 4 4.5 4.5 4 4 35 60 25 35 25 60 15 35
RED CLEAR 2.5 2.5 3 3 2.5 2.5 3 3 10 45 10 30 10 45 10 30
MAX  1 35 60 25 35 25 60 15 35 W  E 4.5 4.5 4.0 4.0 4.5 4.5 4.0 4.0 DO NOT DELETE!!!
MAX 2 10 45 10 30 10 45 10 30 E  A 2.5 2.5 3.0 3.0 2.5 2.5 3.0 3.0 N Y
WALK 7 7 7 7 S S 0 7 0 7 0 7 0 7 N Y
PED CLEAR 29 42 29 43 T T 0 29 0 42 0 29 0 43 N Y
MIN RECALL Yes Yes 2 2 2 2 2 2 2 2 N Y
MAX RECALL
PED RECALL
NON -LOCK N/L Lock N/L N/L N/L Lock N/L N/L
REST IN WALK PB? Y
DISPLAY Balls Balls Balls Balls RestNwalk? N PB? Y
U.C.F. R Y R R R Y R R RestNwalk? N
MAIN ST. Yes Yes
L/S POSITION 1 2 3 4 5 6 7 8 Synchro Lanes.CSV - UTDF import file
L SORTBY RECORDNAMEINTID NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR
P.M. Date: 11/14/2006 1 38001 Lanes 380 1 3 0 2 3 0 2 2 0 2 2 0
38002 Shared 380 0 0 0 0 0 0 0 0 0 0 0 0
12 38003 Speed 380 0 45 0 0 45 0 0 30 0 0 30 0
240 38004 Storage 380 240 0 360 0 300 0 300 0
38005 Width 380 12 12 12 12 12 12 12 12 12 12 12 12
38006 Phase1 380 Detector 2 0 2 Detector 18 0 6 Detector 34 0 0 Detector 50 0 0
Phase Phase Phase 38007 PermPhase1 380 Detector 6 0 2 Detector 22 0 8 Detector 38 0 0 Detector 54 0 0
Detector 1 Detector 17 Detector 33 Detector 49 38008 Lagable 380 N 0 2 N 0 0 N 0 0 N 0 0
Detector 2 Detector 18 Detector 34 Detector 50 38009 DetectPhase1 380 Detector 10 0 4 Detector 26 0 0 Detector 42 0 0 Detector 58 0 0
OLD Detector 3 Detector 19 Detector 35 Detector 51 38010 FirstDetect 380 0 0 Phase 0 0 Phase 0 0 Phase 0 0 Phase
NEW Detector 4 Detector 20 Detector 36 Detector 52 38011 LastDetect 380 Detector 1 0 1 Detector 17 0 6 Detector 33 0 0 Detector 49 0 0
Detector 5 Detector 21 Detector 37 Detector 53 38012 PedButton 380 0 Y 0 0 Y 0 0 Y 0 0 Y 0
Detector 6 Detector 22 Detector 38 Detector 54 38013 MinGreen 380 #N/A 0 20 #N/A 0 20 #N/A 0 0 #N/A 0 0
Detector 7 Detector 23 Detector 39 Detector 55 38014 StLanes 380 1 2 2 2
Detector 8 Detector 24 Detector 40 Detector 56 38015 Grade 380 0 0 0 0 0 0 0 0 0 0 0 0
Detector 9 Detector 25 Detector 41 Detector 57 38016 Phase2 380 Detector 3 0 2 Detector 19 0 6 Detector 35 0 0 Detector 51 0 0
Detector 10 Detector 26 Detector 42 Detector 58 38017 PermPhase2 380 Detector 7 0 2 Detector 23 0 0 Detector 39 0 0 Detector 55 0 0
Detector 11 Detector 27 Detector 43 Detector 59 38018 DetectPhase2 380 Detector 11 0 4 Detector 27 0 0 Detector 43 0 0 Detector 59 0 0
Detector 12 Detector 28 Detector 44 Detector 60 38019 Phase3 380 Detector 4 0 2 Detector 20 0 7 Detector 36 0 0 Detector 52 0 0
Detector 13 Detector 29 Detector 45 Detector 61 38020 PermPhase3 380 Detector 8 0 3 Detector 24 0 8 Detector 40 0 0 Detector 56 0 0
Detector 14 Detector 30 Detector 46 Detector 62 38021 DetectPhase3 380 Detector 12 0 5 Detector 28 0 0 Detector 44 0 0 Detector 60 0 0
Detector 15 Detector 31 Detector 47 Detector 63 38022 Phase4 380 Detector 5 0 2 Detector 21 0 7 Detector 37 0 0 Detector 53 0 0
Detector 16 Detector 32 Detector 48 Detector 64 38023 PermPhase4 380 Detector 9 0 3 Detector 25 0 0 Detector 41 0 0 Detector 57 0 0
NOTES : 1. Opticom is being used for all 4 directions.
Synchro Phases.CSV - UTDF import file
1 2 3 4 5 6 7 8
TMC Revised 5/8/2012 SORTBY RECORDNAMEINTID D1 D2 D3 D4 D5 D6 D7 D8
38001 BRP 380 111 112 211 212 121 122 221 222
38002 MinGreen 380 7 10 7 10 7 10 7 10
38003 AddedMin 380 0 0 0 0 0 0 0 0
38004 MaxInitial 380 7 10 7 10 7 10 7 10
38005 MaxGreen 380 35 60 25 35 25 60 15 35
38006 Walk 380 0 7 0 7 0 7 0 7
38007 DontWalk 380 0 29 0 42 0 29 0 0
38008 PedCalls 380 0 10 0 10 0 10 0 0
38010 Yellow 380 4.5 4.5 4 4 4.5 4.5 4 4
38011 AllRed 380 2.5 2.5 3 3 2.5 2.5 3 3
38012 Recall 380 0 1 0 0 0 1 0 0
38013 VehExt 380 3 6 2 2.5 2.5 6 2 2.5
38014 TimeBeforeReduce380 0 0 0 0 0 0 0 0
38015 TimeToReduce 380 0 0 0 0 0 0 0 0
38016 MinGap 380 0 0 0 0 0 0 0 0
38017 RedRevert 380 2 2 2 2 2 2 2 2
38018 RedLock 380 N N N N N N N N
38019 YellowLock 380 N N N N N N N N
38020 DoubleEntry 380 N N N N N N N N
38021 SimGapout 380 Y Y Y Y Y Y Y Y
38022 Shortway 380 12 12 12 12 12 12 12 12
38023 MinSplit 380 16 20 16 20 16 20 16 20
38023 RestInWalk 380 N N N N









































































































RUN # 6 ACTIVE Yes
















1 2 3 4 5 6 7 8
Vehicle calls placed on exit







RING 1 RING 2
APPROACH PB? Y PB? Y
DESCRIPTION EBL WB NB WBL EB SB RestNwalk? N RestNwalk? N Phase Timings 1-8 (Red Revert set to 2" for each phase as a standard)
PHASE # 1 2 3 4 5 6 7 8
INITIAL 4 15 10 4 15 10 4 15 0 10 4 15 0 10
PASSAGE 3 3 4.5 3 3 3 3 3 0 4.5 3 3 0 3
YELLOW 4 4 4 4 4 4 20 60 0 35 30 60 0 35
RED CLEAR 2.5 1.5 2.5 2.5 1.5 2.9 10 45 0 33 10 45 0 42
MAX  1 20 60 35 30 60 35 W E 4.0 4.0 0.0 4.0 4.0 4.0 0.0 4.0
MAX 2 10 45 33 10 45 42 E A 2.5 1.5 0.0 2.5 2.5 1.5 0.0 2.9
WALK 7 7 7 7 S S 0 7 0 7 0 7 0 7
PED CLEAR 16 33 16 29 T T 0 16 0 33 0 16 0 29
MIN RECALL Yes Yes 2 2 2 2 2 2 2 2
MAX RECALL
PED RECALL
NON -LOCK N/L Lock N/L N/L Lock N/L
REST IN WALK PB? Y
DISPLAY 5-Sect Balls Balls 5-Sect Balls Balls RestNwalk? N PB? Y
U.C.F. Y R Y R RestNwalk? N
MAIN ST. Yes Yes Synchro Lanes.CSV - UTDF import file
L/S POSITION 1 2 3 4 5 6 7 8
Lane Group Data
L RECORDNAMEINTID NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR
P.M. Date: 10/26/2006 1 Lanes 679 1 1 0 1 1 0 1 2 1 1 2 0
Shared 679 0 2 0 0 2 0 0 0 0 0 2 0
12 Width 679 12 12 12 12 12 12 12 12 12 11 12 12
Storage 679 0 0 0 0 0 0 0 0
StLanes 679
Grade 679 0 0 0 0 0 0 0 0 0 0 0 0
Phase Phase Phase Speed 679 0 0 0 0 25 0 0 35 0 0 35 0
Detector 1 Detector 17 Detector 33 Detector 49 FirstDetect 679 0 0 Phase 0 0 Phase 0 0 Phase 0 0 Phase
Detector 2 Detector 18 Detector 34 Detector 50 LastDetect 679 Detector 1 0 1 Detector 17 0 0 Detector 33 0 0 Detector 49 0 0
OLD Detector 3 Detector 19 Detector 35 Detector 51 Phase1 679 Detector 2 0 2 Detector 18 0 0 Detector 34 0 0 Detector 50 0 0
NEW Detector 4 Detector 20 Detector 36 Detector 52 Phase2 679 Detector 3 0 2 Detector 19 0 0 Detector 35 0 0 Detector 51 0 0
Detector 5 Detector 21 Detector 37 Detector 53 Phase3 679 Detector 4 0 4 Detector 20 0 0 Detector 36 0 0 Detector 52 0 0
Detector 6 Detector 22 Detector 38 Detector 54 Phase4 679 Detector 5 0 4 Detector 21 0 0 Detector 37 0 0 Detector 53 0 0
Detector 7 Detector 23 Detector 39 Detector 55 PermPhase1 679 Detector 6 0 5 Detector 22 0 0 Detector 38 0 0 Detector 54 0 0
Detector 8 Detector 24 Detector 40 Detector 56 PermPhase2 679 Detector 7 0 6 Detector 23 0 0 Detector 39 0 0 Detector 55 0 0
Detector 9 Detector 25 Detector 41 Detector 57 PermPhase3 679 Detector 8 0 6 Detector 24 0 0 Detector 40 0 0 Detector 56 0 0
Detector 10 Detector 26 Detector 42 Detector 58 PermPhase4 679 Detector 9 0 8 Detector 25 0 0 Detector 41 0 0 Detector 57 0 0
Detector 11 Detector 27 Detector 43 Detector 59 DetectPhase1 679 Detector 10 0 8 Detector 26 0 0 Detector 42 0 0 Detector 58 0 0
Detector 12 Detector 28 Detector 44 Detector 60 DetectPhase2 679 Detector 11 0 0 Detector 27 0 0 Detector 43 0 0 Detector 59 0 0
Detector 13 Detector 29 Detector 45 Detector 61 DetectPhase3 679 Detector 12 0 0 Detector 28 0 0 Detector 44 0 0 Detector 60 0 0
Detector 14 Detector 30 Detector 46 Detector 62 DetectPhase4 679 Detector 13 0 0 Detector 29 0 0 Detector 45 0 0 Detector 61 0 0
Detector 15 Detector 31 Detector 47 Detector 63
Detector 16 Detector 32 Detector 48 Detector 64
































































































































- Temp 60 Weather Windy Run # Link (8)
Arrival Doors Doors Bus Passengers Passengers Staying
Time Open Closed  Leaves  Boarding Alighting On Board
Wet 'N Wild
1 6200 International Dr and Universal Blvd 15:23:09 2.0 6.0 1.5 0 0 22
Universal - -
2 15:24:23 2.0 12.0 2.0 4 0 26
Kirkman 29.0 -
Grand National - -
3 5500 International Dr and Grand National Dr 15:26:22 2.0 8.0 3.0 7 0 33
Municipal - -
4 15:26:49 2 4 2 1 4 30
Del Verde Way - -
5 5300 International Dr and Municipal Dr 15:27:21 2.0 5.0 2.0 1 1 30
Fun Spot 15.0 -
6 5200 International Dr and Touchstone Dr 15:28:29 2.0 9.0 2.0 0 1 29
Altamira 30.0 -
7 No Stop - - - 0 0 29
8 No Stop - - - 0 0 29
Oak Ridge 23.0 -
9 5200 Oak Ridge Rd and International Dr 15:34:32 2.0 6.0 4.0 0 2 27
Outlet
10 Oak Ridge Rd and International Dr 15:08:01 2.0 7.0 2.0 1 0 7
Oak Ridge - -
11 No Stop - - - 0 0 7
12 Altamira Dr and International Dr 15:09:45 2.0 5.0 2.0 0 2 5
Altamira - -
13 No Stop - - - 0 0 5
Fun Spot - -
Del Verde Way - -
Municipal - -
14 No Stop - - - 0 0 5
15 5400 International Dr and Municipal Dr 15:10:20 2.0 6.0 2.0 1 0 6
Grand National - -
Kirkman 25.0 -
16 5900 International Dr and American Way 15:13:12 2.0 7.0 3.0 2 0 8
Universal 17.0 -
17 6200 International Dr and Visitors Cir 15:15:21 2.0 6.0 2.0 0 1 7
Comments
Wednesday - March 6. 2013 Traffic Signal Delay (Sec)




- Temp 75 Weather Clear Run # Link (8)
Arrival Doors Doors Bus Passengers Passengers Staying
Time Open Closed  Leaves  Boarding Alighting On Board
Wet 'N Wild
1 6200 International Dr and Universal Blvd 15:26:20 2.0 4.0 2.0 0 0 14
Universal - -
2 15:26:50 2.0 5.0 3.0 0 2 12
Kirkman 39.0 -
Grand National - -
3 5500 International Dr and Grand National Dr 15:29:12 2.0 4.0 2.0 1 1 12
Municipal - -
4 15:30:04 2.0 12.0 3.0 1 2 11
Del Verde Way - -
5 5300 International Dr and Municipal Dr No Stop - - - 0 0 11
Fun Spot - -
6 5200 International Dr and Touchstone Dr 15:31:05 2.0 7.0 2.0 2 0 13
Altamira - -
7 No Stop - - - 0 0 13
8 15:33:28 2.0 7.0 2.0 0 2 11
Oak Ridge 70.0 -
9 5200 Oak Ridge Rd and International Dr 15:36:07 2.0 5.0 2.0 3 0 14
Outlet
10 Oak Ridge Rd and International Dr 14:51:00 2.0 8.0 2.0 0 0 18
Oak Ridge 81.0 -
11 No Stop - - - 0 0 18
12 Altamira Dr and International Dr 14:54:27 2.0 5.0 2.0 0 3 15
Altamira - 6.0
13 No Stop - - - 0 0 15
Fun Spot - -
Del Verde Way - -
Municipal - -
14 No Stop - - - 0 0 15
15 5400 International Dr and Municipal Dr 14:57:05 2.0 9.0 3.0 0 2 13
Grand National - -
Kirkman 24.0 -
16 5900 International Dr and American Way 14:58:58 2.0 11.0 2.0 0 2 11
Universal 36.0 -
17 6200 International Dr and Visitors Cir 15:00:00 2.0 9.0 2.0 0 1 10
Comments
Monday - March 25. 2013 Traffic Signal Delay (Sec)




- Temp 72 Weather Sunny Run # Link (8)
Arrival Doors Doors Bus Passengers Passengers Staying
Time Open Closed  Leaves  Boarding Alighting On Board
Wet 'N Wild
1 6200 International Dr and Universal Blvd 16:06:35 2.0 7.0 2.0 0 0 39
Universal - -
2 16:08:07 2.0 12.0 3.0 1 0 40
Kirkman 59.0 -
Grand National 17.0 -
3 5500 International Dr and Grand National Dr No Stop - - - 1 4 37
Municipal - -
4 16:13:04 2.0 8.0 2.0 2 0 39
Del Verde Way - -
5 5300 International Dr and Municipal Dr No Stop - - - 0 0 39
Fun Spot 23.0 -
6 5200 International Dr and Touchstone Dr No Stop - - - 0 0 39
Altamira - -
7 16:18:51 2.0 7.0 2.0 2 2 39
8 16:19:45 2.0 13.0 2.0 0 1 38
Oak Ridge - -
9 5200 Oak Ridge Rd and International Dr 16:21:05 2.0 6.0 2.0 0 0 38
Outlet
10 Oak Ridge Rd and International Dr 15:31:15 2.0 6.0 2.0 0 0 36
Oak Ridge 65.0 -
11 15:33:20 2.0 5.0 3.0 0 1 35
12 Altamira Dr and International Dr No Stop - - - 0 0 35
Altamira 17.0 -
13 15:35:40 2.0 8.0 3.0 3 0 38
Fun Spot - -
Del Verde Way - -
Municipal - -
14 15:37:06 2.0 10.0 2.0 0 5 33
15 5400 International Dr and Municipal Dr 15:37:41 2.0 8.0 2.0 4 3 34
Grand National - -
Kirkman - -
16 5900 International Dr and American Way 15:39:57 2.0 6.0 2.0 0 4 30
Universal - -
17 6200 International Dr and Visitors Cir 15:41:24 2.0 4.0 2.0 0 0 30
Comments
Wednesday - April 3. 2013 Traffic Signal Delay (Sec)




- Temp 72 Weather Sunny Run # Link (8)
Arrival Doors Doors Bus Passengers Passengers Staying
Time Open Closed  Leaves  Boarding Alighting On Board
Wet 'N Wild
1 6200 International Dr and Universal Blvd 15:20:00 2.0 5.0 3.0 0 0 15
Universal - -
2 15:20:22 2.0 89.0 3.0 3 0 15
Kirkman 17.0 -
Grand National 7.7 -
3 5500 International Dr and Grand National Dr No Stop - - - 0 0 15
Municipal - -
4 No Stop - - - 0 0 15
Del Verde Way - -
5 5300 International Dr and Municipal Dr No Stop - - - 0 0 15
Fun Spot - -
6 5200 International Dr and Touchstone Dr No Stop - - - 0 0 15
Altamira 110.2 -
7 15:27:00 2.0 8.6 2.0 4 2 17
8 15:28:10 2.0 2.5 3.0 0 1 16
Oak Ridge 72.0 -
9 5200 Oak Ridge Rd and International Dr 15:30:14 3.0 9.4 2.0 0 0 16
Outlet
10 Oak Ridge Rd and International Dr 15:52:00 2.0 41.9 2.0 1 0 13
Oak Ridge 28.2 -
11 15:54:03 2.0 16.4 3.0 2 1 13
12 Altamira Dr and International Dr 15:55:42 2.0 7.5 2.0 0 1 14
Altamira 8.5 -
13 No Stop - - - 0 0 14
Fun Spot - -
Del Verde Way - -
Municipal 16.2 -
14 No Stop - - - 0 0 14
15 5400 International Dr and Municipal Dr No Stop - - - 0 0 14
Grand National 22.5 -
Kirkman 43.5 -
16 5900 International Dr and American Way 15:59:40 2.0 22.1 2.0 3 3 14
Universal 109.9 -
17 6200 International Dr and Visitors Cir 16:03:01 2.0 8.2 2.0 0 0 14
Comments
Wednesday - April 10. 2013 Traffic Signal Delay (Sec)




- Temp 75 Weather Clear Run # Link (8)
Arrival Doors Doors Bus Passengers Passengers Staying
Time Open Closed  Leaves  Boarding Alighting On Board
Wet 'N Wild
1 6200 International Dr and Universal Blvd 15:26:20 2.0 4.0 2.0 0 0 14
Universal - -
2 15:26:50 2.0 5.0 3.0 0 2 12
Kirkman 39.0 -
Grand National - -
3 5500 International Dr and Grand National Dr 15:29:12 2.0 4.0 2.0 1 1 12
Municipal - -
4 15:30:04 2.0 12.0 3.0 1 2 11
Del Verde Way - -
5 5300 International Dr and Municipal Dr No Stop - - - 0 0 11
Fun Spot - -
6 5200 International Dr and Touchstone Dr 15:31:05 2.0 7.0 2.0 2 0 13
Altamira - -
7 No Stop - - - 0 0 13
8 15:33:28 2.0 7.0 2.0 0 2 11
Oak Ridge 70.0 -
9 5200 Oak Ridge Rd and International Dr 15:36:07 2.0 5.0 2.0 3 0 14
Outlet
10 Oak Ridge Rd and International Dr 14:51:00 2.0 8.0 2.0 0 0 18
Oak Ridge 81.0 -
11 No Stop - - - 0 0 18
12 Altamira Dr and International Dr 14:54:27 2.0 5.0 2.0 0 3 15
Altamira - 6.0
13 No Stop - - - 0 0 15
Fun Spot - -
Del Verde Way - -
Municipal - -
14 No Stop - - - 0 0 15
15 5400 International Dr and Municipal Dr 14:57:05 2.0 9.0 3.0 0 2 13
Grand National - -
Kirkman 24.0 -
16 5900 International Dr and American Way 14:58:58 2.0 11.0 2.0 0 2 11
Universal 36.0 -
17 6200 International Dr and Visitors Cir 15:00:00 2.0 9.0 2.0 0 1 10
Comments
Monday - March 25. 2013 Traffic Signal Delay (Sec)





- Temp 89 Weather Partly Cloudy Run # Link (8)
Arrival Doors Doors Bus Passengers Passengers Staying
Time Open Closed  Leaves  Boarding Alighting On Board
Wet 'N Wild
1 6200 International Dr and Universal Blvd 17:40:21 47
Universal 21.9
2 1.0 32.8 2.0 5 2 50
Kirkman 21.0
Grand National 104.8
3 5500 International Dr and Grand National Dr 1.0 22.8 2.0 0 3 47
Municipal
4 0 0 47
Del Verde Way
5 5300 International Dr and Municipal Dr 2.0 13.2 2.0 1 1 47
Fun Spot
6 5200 International Dr and Touchstone Dr 0 0 47
Altamira 96.1
7 2.0 140.6 2.0 4 0 51 Driver Mcdonalds
8 1.0 4.4 3.0 1 0 52
Oak Ridge 30.9
9 5200 Oak Ridge Rd and International Dr 17:55:20 1 0 52
Outlet
10 Oak Ridge Rd and International Dr 17:04:21 0 1 16
Oak Ridge 48.6
11 1.0 12.2 1.0 0 1 15
12 Altamira Dr and International Dr 6.6
Altamira 48.4




14 2.0 9.2 2.0 2 1 17
15 5400 International Dr and Municipal Dr 0 0 17
Grand National 91.3 1 5 12
Kirkman 42.1
16 5900 International Dr and American Way 1.0 14.3 2.0 1 0 13
Universal 82.7
17 6200 International Dr and Visitors Cir 17:18:00
Comments
Monday - July 8. 2013 Traffic Signal Delay (Sec)









Welcome to Minitab 
 
 
Time Stopped for Signal Eastbound 
 









Factor         Type   Levels  Values 
Signal No.     Fixed       6  1, 2, 3, 4, 5, 6 
Run            Fixed       4  1, 2, 3, 4 
CONDITION (C)  Fixed       3  Conditional, NO TSP, Unconditional 
 
 
Analysis of Variance 
 
Source             DF   Adj SS   Adj MS  F-Value  P-Value 
  Signal No.        5  344.050  68.8100    44.61    0.000 
  Run               3    4.327   1.4425     0.94    0.424 
  CONDITION (C)     2    6.200   3.1000     2.01    0.136 
  Signal No.*Run   15  101.118   6.7412     4.37    0.000 
Error             265  408.766   1.5425 
  Lack-of-Fit      46   45.768   0.9950     0.60    0.980 
  Pure Error      219  362.998   1.6575 





      S    R-sq  R-sq(adj)  R-sq(pred) 





Term              Coef  SE Coef  T-Value  P-Value   VIF 
Constant        1.4079   0.0767    18.35    0.000 
Signal No. 
  1              0.450    0.161     2.79    0.006  1.67 
  2              1.471    0.164     8.96    0.000  1.69 
  3              1.209    0.168     7.19    0.000  1.72 
  4             -1.060    0.163    -6.52    0.000  1.68 
  5             -1.262    0.161    -7.82    0.000  1.67 
Run 
  1             -0.113    0.126    -0.90    0.372  1.43 
  2              0.176    0.125     1.42    0.158  1.42 
  3              0.051    0.125     0.41    0.683  1.41 
CONDITION (C) 
  Conditional    0.135    0.108     1.25    0.214  1.15 
  NO TSP        0.1010   0.0983     1.03    0.305  1.16 
Signal No.*Run 
  1 1           -0.318    0.276    -1.15    0.249  2.32 
  1 2            0.111    0.275     0.40    0.687  2.31 




  2 1            1.231    0.290     4.24    0.000  2.45 
  2 2           -0.205    0.277    -0.74    0.459  2.34 
  2 3           -0.396    0.277    -1.43    0.154  2.33 
  3 1           -1.923    0.292    -6.58    0.000  2.49 
  3 2            0.719    0.292     2.46    0.014  2.48 
  3 3            0.988    0.285     3.47    0.001  2.42 
  4 1            0.129    0.277     0.47    0.642  2.33 
  4 2           -0.148    0.276    -0.54    0.592  2.32 
  4 3           -0.424    0.282    -1.51    0.133  2.37 
  5 1            0.110    0.276     0.40    0.689  2.32 
  5 2           -0.063    0.275    -0.23    0.819  2.31 





LN Eastbound = 1.4079 + 0.450 Signal No._1 + 1.471 Signal No._2 + 1.209 Signal No._3 
               - 1.060 Signal No._4 - 1.262 Signal No._5 - 0.808 Signal No._6 -
 0.113 Run_1 
               + 0.176 Run_2 + 0.051 Run_3 - 0.115 Run_4 
+ 0.135 CONDITION (C)_Conditional 
               + 0.1010 CONDITION (C)_NO TSP - 0.236 CONDITION (C)_Unconditional 
               - 0.318 Signal No.*Run_1 1 + 0.111 Signal No.*Run_1 2 
+ 0.236 Signal No.*Run_1 
               3 - 0.029 Signal No.*Run_1 4 + 1.231 Signal No.*Run_2 1 
               - 0.205 Signal No.*Run_2 2 - 0.396 Signal No.*Run_2 3 -
 0.630 Signal No.*Run_2 
               4 - 1.923 Signal No.*Run_3 1 + 0.719 Signal No.*Run_3 2 
               + 0.988 Signal No.*Run_3 3 + 0.216 Signal No.*Run_3 4 
+ 0.129 Signal No.*Run_4 
               1 - 0.148 Signal No.*Run_4 2 - 0.424 Signal No.*Run_4 3 
               + 0.444 Signal No.*Run_4 4 + 0.110 Signal No.*Run_5 1 -
 0.063 Signal No.*Run_5 
               2 - 0.230 Signal No.*Run_5 3 + 0.183 Signal No.*Run_5 4 
               + 0.772 Signal No.*Run_6 1 - 0.414 Signal No.*Run_6 2 -
 0.174 Signal No.*Run_6 
               3 - 0.184 Signal No.*Run_6 4 
 
 
Fits and Diagnostics for Unusual Observations 
 
            LN 
Obs  Eastbound    Fit   Resid  Std Resid 
  8      0.000  2.951  -2.951      -2.48  R 
 34      2.944  0.463   2.482       2.08  R 
 36      0.000  2.635  -2.635      -2.21  R 
 40      3.332  0.577   2.755       2.31  R 
 43      0.000  2.819  -2.819      -2.38  R 
 53      4.635  2.247   2.388       2.01  R 
 70      3.784  0.402   3.382       2.87  R 
112      0.000  2.819  -2.819      -2.38  R 
136      3.509  0.778   2.731       2.31  R 
137      2.896  0.315   2.581       2.18  R 
144      3.951  1.023   2.928       2.47  R 
159      0.000  2.482  -2.482      -2.11  R 
170      0.000  2.614  -2.614      -2.20  R 
186      3.989  1.191   2.798       2.36  R 
207      3.091  0.499   2.592       2.18  R 
211      0.000  2.985  -2.985      -2.51  R 
213      3.135  0.511   2.624       2.21  R 
253      3.738  0.716   3.022       2.56  R 





R  Large residual 
 
  












Time Stopped for Signal Westbound 









Factor            Type   Levels  Values 
Signal No.        Fixed       6  1, 2, 3, 4, 5, 6 
Run               Fixed       4  1, 2, 3, 4 
CONDITION WB (C)  Fixed       3  Conditional, NO TSP, Unconditional 
 
 
Analysis of Variance 
 
Source               DF   Adj SS  Adj MS  F-Value  P-Value 
  Signal No.          5   418.63  83.727    46.42    0.000 
  Run                 3    21.90   7.300     4.05    0.008 
  CONDITION WB (C)    2    10.35   5.173     2.87    0.059 
  Signal No.*Run     15    69.94   4.663     2.59    0.001 
Error               270   487.02   1.804 
  Lack-of-Fit        46    82.68   1.797     1.00    0.487 
  Pure Error        224   404.33   1.805 





      S    R-sq  R-sq(adj)  R-sq(pred) 





Term                Coef  SE Coef  T-Value  P-Value   VIF 
Constant          1.7363   0.0847    20.49    0.000 
Signal No. 
  1                1.363    0.176     7.76    0.000  1.68 
  2                1.273    0.176     7.23    0.000  1.69 
  3                0.808    0.175     4.61    0.000  1.69 
  4               -1.223    0.177    -6.89    0.000  1.71 
  5               -1.625    0.175    -9.27    0.000  1.69 
Run 
  1               -0.178    0.132    -1.35    0.179  1.35 
  2                0.401    0.132     3.03    0.003  1.35 
  3                0.096    0.135     0.72    0.475  1.36 
CONDITION WB (C) 
  Conditional      0.258    0.119     2.18    0.030  1.12 
  NO TSP          -0.173    0.106    -1.64    0.102  1.13 
Signal No.*Run 
  1 1             -0.373    0.298    -1.25    0.211  2.26 
  1 2              0.709    0.304     2.33    0.020  2.40 
  1 3             -0.515    0.298    -1.73    0.085  2.32 
  2 1              0.803    0.298     2.70    0.007  2.21 
  2 2              0.480    0.298     1.61    0.108  2.31 
  2 3             -0.964    0.299    -3.23    0.001  2.27 




  3 2             -0.902    0.292    -3.09    0.002  2.26 
  3 3              0.979    0.305     3.21    0.001  2.31 
  4 1              0.028    0.293     0.10    0.923  2.14 
  4 2             -0.048    0.298    -0.16    0.873  2.27 
  4 3              0.194    0.299     0.65    0.517  2.24 
  5 1              0.213    0.292     0.73    0.466  2.17 
  5 2             -0.481    0.292    -1.65    0.100  2.26 





LN Westbound = 1.7363 + 1.363 Signal No._1 + 1.273 Signal No._2 + 0.808 Signal No._3 
               - 1.223 Signal No._4 - 1.625 Signal No._5 - 0.596 Signal No._6 -
 0.178 Run_1 
               + 0.401 Run_2 + 0.096 Run_3 - 0.319 Run_4 
+ 0.258 CONDITION WB (C)_Conditional 
               - 0.173 CONDITION WB (C)_NO TSP - 0.085 CONDITION WB (C)_Unconditional 
               - 0.373 Signal No.*Run_1 1 + 0.709 Signal No.*Run_1 2 -
 0.515 Signal No.*Run_1 
               3 + 0.179 Signal No.*Run_1 4 + 0.803 Signal No.*Run_2 1 
               + 0.480 Signal No.*Run_2 2 - 0.964 Signal No.*Run_2 3 -
 0.319 Signal No.*Run_2 
               4 - 0.101 Signal No.*Run_3 1 - 0.902 Signal No.*Run_3 2 
               + 0.979 Signal No.*Run_3 3 + 0.024 Signal No.*Run_3 4 
+ 0.028 Signal No.*Run_4 
               1 - 0.048 Signal No.*Run_4 2 + 0.194 Signal No.*Run_4 3 
               - 0.175 Signal No.*Run_4 4 + 0.213 Signal No.*Run_5 1 -
 0.481 Signal No.*Run_5 
               2 + 0.025 Signal No.*Run_5 3 + 0.243 Signal No.*Run_5 4 
               - 0.570 Signal No.*Run_6 1 + 0.242 Signal No.*Run_6 2 
+ 0.281 Signal No.*Run_6 
               3 + 0.047 Signal No.*Run_6 4 
 
 
Fits and Diagnostics for Unusual Observations 
 
            LN 
Obs  Westbound    Fit   Resid  Std Resid 
  2      0.000  3.461  -3.461      -2.69  R 
 18      0.000  2.786  -2.786      -2.18  R 
113      3.638  0.694   2.944       2.29  R 
120      2.708  0.060   2.648       2.06  R 
146      0.000  2.786  -2.786      -2.18  R 
156      3.091  0.307   2.784       2.18  R 
163      0.000  2.595  -2.595      -2.03  R 
181      0.000  2.595  -2.595      -2.03  R 
187      0.000  2.874  -2.874      -2.26  R 
252      0.000  2.629  -2.629      -2.07  R 
257      0.000  2.806  -2.806      -2.18  R 
286      0.000  2.938  -2.938      -2.29  R 
 
R  Large residual 
 
  













Total Delay Eastbound 
General Linear Model: LN EASTBOUND TOTAL DELAY versus CONDITION (C), 









Factor         Type   Levels  Values 
CONDITION (C)  Fixed       3  Conditional, NO TSP, Unconditional 
Signal No.     Fixed       6  1, 2, 3, 4, 5, 6 
Run            Fixed       4  1, 2, 3, 4 
 
 
Analysis of Variance 
 
Source            DF   Adj SS   Adj MS  F-Value  P-Value 
  CONDITION (C)    2    1.652   0.8262     0.61    0.546 
  Run              3    0.929   0.3097     0.23    0.877 
  Signal No.       5  461.136  92.2273    67.71    0.000 
Error            289  393.646   1.3621 
  Lack-of-Fit     61   87.110   1.4280     1.06    0.368 
  Pure Error     228  306.537   1.3445 





      S    R-sq  R-sq(adj)  R-sq(pred) 





Term             Coef  SE Coef  T-Value  P-Value   VIF 
Constant       2.3194   0.0712    32.58    0.000 
CONDITION (C) 
  Conditional  -0.110    0.100    -1.10    0.273  1.14 
  NO TSP       0.0426   0.0907     0.47    0.639  1.14 
Run 
  1             0.081    0.115     0.70    0.484  1.40 
  2            -0.063    0.115    -0.55    0.586  1.40 
  3             0.018    0.115     0.16    0.875  1.40 
Signal No. 
  1             0.854    0.151     5.67    0.000  1.67 
  2             1.400    0.151     9.29    0.000  1.67 
  3             1.215    0.151     8.07    0.000  1.67 
  4            -0.667    0.151    -4.43    0.000  1.67 





LN EASTBOUND TOTAL DELAY = 2.3194 - 0.110 CONDITION (C)_Conditional 
+ 0.0426 CONDITION (C)_NO 




                           - 0.063 Run_2 + 0.018 Run_3 - 0.036 Run_4 
+ 0.854 Signal No._1 
                           + 1.400 Signal No._2 + 1.215 Signal No._3 -
 0.667 Signal No._4 
                           - 1.986 Signal No._5 - 0.817 Signal No._6 
 
 
Fits and Diagnostics for Unusual Observations 
 
     LN EASTBOUND 
Obs   TOTAL DELAY    Fit   Resid  Std Resid 
 45         0.000  3.541  -3.541      -3.09  R 
 81         0.000  3.514  -3.514      -3.06  R 
142         4.376  1.659   2.717       2.37  R 
143         2.896  0.340   2.556       2.23  R 
150         3.951  1.651   2.300       2.01  R 
164         0.000  3.751  -3.751      -3.29  R 
167         2.773  0.365   2.408       2.11  R 
173         2.773  0.482   2.291       2.00  R 
220         3.807  1.479   2.327       2.03  R 
279         0.000  3.505  -3.505      -3.06  R 
 
R  Large residual 
 
  










Total Delay Westbound 
General Linear Model: LN WESTBOUND TOTAL DELAY versus CONDITION WB (C), 









Factor            Type   Levels  Values 
CONDITION WB (C)  Fixed       3  Conditional, NO TSP, Unconditional 
Signal No.        Fixed       6  1, 2, 3, 4, 5, 6 
Run               Fixed       4  1, 2, 3, 4 
 
 
Analysis of Variance 
 
Source               DF   Adj SS   Adj MS  F-Value  P-Value 
  CONDITION WB (C)    2    2.239    1.120     0.91    0.403 
  Signal No.          5  521.023  104.205    84.84    0.000 
  Run                 3    2.565    0.855     0.70    0.555 
Error               289  354.959    1.228 
  Lack-of-Fit        61   54.632    0.896     0.68    0.962 
  Pure Error        228  300.328    1.317 





      S    R-sq  R-sq(adj)  R-sq(pred) 





Term                 Coef  SE Coef  T-Value  P-Value   VIF 
Constant           2.4947   0.0677    36.86    0.000 
CONDITION WB (C) 
  Conditional      0.1142   0.0953     1.20    0.232  1.14 
  NO TSP          -0.0863   0.0862    -1.00    0.318  1.15 
Signal No. 
  1                 1.213    0.143     8.48    0.000  1.67 
  2                 1.178    0.143     8.24    0.000  1.67 
  3                 1.157    0.143     8.09    0.000  1.67 
  4                -0.563    0.143    -3.93    0.000  1.67 
  5                -2.344    0.143   -16.38    0.000  1.67 
Run 
  1                -0.085    0.110    -0.78    0.438  1.39 
  2                 0.141    0.110     1.29    0.198  1.39 





LN WESTBOUND TOTAL DELAY = 2.4947 + 0.1142 CONDITION WB (C)_Conditional 
                           - 0.0863 CONDITION WB (C)_NO TSP 




                           + 1.178 Signal No._2 + 1.157 Signal No._3 -
 0.563 Signal No._4 
                           - 2.344 Signal No._5 - 0.642 Signal No._6 - 0.085 Run_1 
                           + 0.141 Run_2 + 0.023 Run_3 - 0.079 Run_4 
 
 
Fits and Diagnostics for Unusual Observations 
 
     LN WESTBOUND 
Obs   TOTAL DELAY    Fit   Resid  Std Resid 
 17         3.045  0.088   2.957       2.71  R 
 78         5.147  1.681   3.466       3.18  R 
141         0.000  3.486  -3.486      -3.20  R 
182         0.000  3.668  -3.668      -3.38  R 
233         2.398  0.186   2.212       2.04  R 
240         4.078  1.882   2.196       2.02  R 
286         0.000  2.188  -2.188      -2.01  R 
 
R  Large residual 
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